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IS THE NERVOUS IMPULSE DELAYED IN THE 
MOTOR NERVE TERMINATIONS? By A. W. 
HOISHOLT, San Francisco. | 


In du Bois-Reymond’s Archiv of 1882 an article appeared by 

J. Bernstein on “the period of excitation of the nerve endorgans in 
the muscles.” In this treatise Bernstein draws a conclusion as to the 
nature of the process by which the nervous impulse proceeds from nerve 
to muscle and endeavours to solve physiologically the question of the 
existence of a specific “intermediate organ.” His experiments were 
performed upon M. Gastrocnemius of the frog in the following manner : 
He irritated the sciatic nerve at a distance varying from 4 to 10 mm. 
from the hilus, and the curve obtained in this-way he compared with 
a curve resulting from direct irritation of the muscle. Two needles 
served as electrodes; one being inserted in the muscle close to the — 
femur, the other 5- 10 mm. below this point. He ascertained the dif- 
ference in the latent period of the two curves, which had the same 
abscissa and the same moment of irritation, by measuring according to 
the directions of Helmholtz the distance horizontally of one curve 
from the other at what this author calls “die Wendepunkte der 
Curven.” In this way he found the period of excitation, i.e. the latent 
period, of the motor nerve-endings on the average amounted to 
0:0032”” = sts sec. 
It appears to me, however, that the experiments of Bernstein did ) 
not justify this conclusion, as the muscle he employed, the Gastrocnemius, 
is innervated throughout its whole extent; for which reason it would 
_ not be impossible that the irritation of the intraminsculat nerves, taking 
place at the same time as that of the muscular fibres, could influence 
the latent period and bring about results differing from those obtained 
by irritating the muscular fibres alone. Bernstein says: “That the 
nerves are here simultaneously stimulated cannot have any influence 
upon the result, as their stimulation does not show its effect till after 
the muscular stimulation has taken place.” This explanation is, how- 
ever, not satisfactory unless one assumes what Bernstein’s experiments 


are meant to prove, viz.: “That the process of excitation at the nerve- 
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termirations progresses much more slowly here than in the nerve-fibre 


itself”? On the contrary it seems more probable that the stimulation of 


the “hypolemmatic” nerves and of the muscular fibres should take 
place at the same instant. Another fact which might be considered 
here is the increase in the number of the nodes of Ranvier at the points 
where the finest nerve branches divide and subdivide. These nodes 
might constitute an obstruction to the nerve-impulse and explain the 
difference in the latent period. These considerations which speak 
against the idea of Bernstein have induced me to undertake a repeti- 
tion of his experiments upon the M. Gastrocnemius. . 

In imitating the experiments as well as I could from Bernstein's 


descriptions I began with the strength of current obtained at a distance 


of 100 mm. between the primary and secondary coil of a middle-sized 
induction-machine (Normal-schlitten) and one Daniell’s cell, at first 
using du Bois’ spring-myograph. In this manner I obtained the results 
given in Table A’. These results show that the current employed 


(—100 mm.*) must be considerably weaker than the one Bernstein 


used, and must correspond to the strength of the current referred to by 
him when he says: “Of course care is to be taken that by the direct 
stimulation the muscle really is directly stimulated and not merely 
through the intramuscular nerves, because in the latter case the curves 
nearly cover one another.” The curves in fact approach each other so 
nearly that the difference at the utmost corresponds te the time 
necessary for the nervous impulse to pass from the point of stimulation 
on the sciatic nerve to the intramuscular nerves. I then performed the 
same experiments with the myograph of Helmholtz and obtained 
exactly the same results (see Table A’). | 

The instrument in these and in those other experiments where the 
myograph of Helmholtz -was employed is the identical one which the 
inventor used in performing his classical experiments. It has the 
magnetic contrivance for regulating the rapidity of rotation of the 
cylinder and in order to control this still more the “time-marker” of 
Kronecker was made to trace the vibrations of a tuning-fork al vi- 
brations per second) below each pair of curves. 

Not having found the lange difference in the latent period according 
to Bernstein “at a distance of 100 mm. between the coils,” using the 


* The point on the scale of the interruptor where the two coils come together will 
hereafter be represented by 0 mm., the distance which the secondary coil is moved away 
the primary by -.. 


' 
"ad 
oy 
% 
3 
x 
4 
\ 


DELAY OF NERVOUS IMPULSE. _ 3 


normal induction-machine of R. Kriiger, Berlin (the one exhibited at 
the Paris Exhibition) and one Daniell, I employed stronger currents. 
Before doing this, however, 1 considered it desirable to ascertain the 


ef current necessary in order to obtain a maximum curve-height 


by direct and indirect irritation of the muscle. For this purpose the 
cylinder- as well as the spring-myograph were employed. 
In using the latter the myograms were not made upon saialiod 
glass but upon smoked paper, having found that the increased friction 
in the latter case did not have any visible influence upon the quality of 
_ the curve. Moderately thin and smooth paper was used and made to 
cover the glass plate evenly, being folded over the ends of the plate and 
fastened with mucilage on its reverse side. The paper was so stretched 
and carefully smoked that it did not present any folds. 

With the spring-myograph the maximum by direct irritation of the 
muscle was found at about + 100 mm. according to the millimeter-scale 
or 5750 according to the intensity-scale. Similar results (+75 mm.) 
were obtained by stimulating curarized muscles. The maximum for 


the nerve-stimulation was found at 0 mm. or 500 units of intensity. In 
the same manner I received as I employed the myograph of Helmholtz 


the most powerful contractions at a corresponding strength of current 
(see Table B*). The curve-height was found increasing up to + 125 mm. 


= 6840 units (curves obtained at + 145 mm. and at +125 mm. were of: 
the same height). The maximum of the indirect irritation was found in 


about half of the cases at 0 mm., in the other half at +50 mm. 


It may therefore perhaps be inferred that (with the above battery 


and induction-machine) the maximum of muscular contraction is to be 
obtained by direct stimulation at + 100 to + 125 mm. (5750—6840 units) 
and at 0 to 50 mm. (500—2800 u.) by indirect stimulation. 

Proceeding with the repetition of Bernstein’s experiments, I found 
that increasing the current from —100 to — 50 mm. (38°75 to 105 u.) 
produced no different results; i.e. I found either a very small difference 
in the latent period, just sufficient to account for the conduction of 


nerve-impulse from the place of stimulation on the nerve to the muscu- 


lar substance, or no difference whatever. Upon still further increasing 
the current to — 25 mm. (186 u.) the result was in the majority of 
cases no visible difference, at times, however, a difference a trifle larger 
than with — 50 mm. (00009 sec.). As the current of 0 mm. was em- 
ployed the difference in the latent period began to show variations 
within a wide range (see Table ©). Of the 19 double curves having a 
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common abscissa and nearly the.same height 7 have exactly the same 
latent period. The rest present a difference varying from 00006 to 
0:0037 sec., the latter corresponding to the period of time obtained by 
Bernstein. 

The secondary coil was now pushed over the primary, the strength — 
of current by the direct stimulation of the muscle amounting to + £0, 
+ 50, and + 75 mm. (2200, 2800 and 4210 u.) and the previously ascer- 
tained maximum of the nerve-stimulation at the same time maintained. 
In about $ of the cases or 8 curves as will be seen from table C the 
curve-height by the direct stimulation was sometimes and then in- 
variably a very little higher; otherwise the height of the two curves 
was the same. Of these 8 double-curves only the two first show a 
Yhjnimum difference in the latent period ; the others show quite a large 
difference, in fact presenting figures corresponding with those of 
Bernstein. In the remaining } of the cases as well as in the curves 
obtained upon still further increasing the current to +125 mm. 
(6840 u.) the curve of the direct muscular stimulation was considerably 
higher than that of the nerve-stimulation. The curves hence did not 
intersect and it was therefore impossible to come to a decision as to the 
latent period. 

With regard to the relative maximum of the curve-height it will be 
seen from table B* that the curve of the direct stimulation began to 
exceed the maximum obtained by stimulation of the nerve as the 
strength of the applied current was increased to about +50 mm. 
(2800 u.). Upon using the spring-myograph the point where the curve 
of direct stimulation began to preponderate in the curve-height was 
reached at 0 mm., and the difference in height at + 25 mm. (1400 u.) 
was as considerable as that found with Helmholtz’s myograph at 
+125 mm. (6840 u.). This no doubt was due to differences in length 
and weight of the levers of the respective instruments, that of the myo- 
graph of Helmholtz being shorter and much heavier. This last fact 
may therefore be formulated as follows: The greatest muscular con- 
traction, Le, the greatest curve-height, cannot be obtained 
through stimulation of the nerve, but nes by direct stimu- 
lation of the muscle. 

_ May this not be due to the greater power of the. divectly ieritated 
muscle, or is the preponderance in the curve-height caused by a double 
irritation, namely of the intramuscular nerves and muscular substance ?- 

To sum up in regard to the ascertained difference in the latent 
period; the results. were the following ; (1) ‘With a current of ~ 100 to 
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~ 50 mm. (38°75—105 u.) no visible difference or only a minimum; 
(2) with —25 mm. (186 u.) this minimum-difference was excesded a 
little, although perfectly congruent curves were as frequently observed ; 
(3) as the distance between the coils was diminished to 0 mm. (500 u.) 
no difference in the latent period was observed in not quite 4 of the 
specified double-curves, while in the remaining %, the difference varied 
between a minimum and a large fraction of a second ; (4) finally with a 
current of + 40 to +75 mm. (2200—4210 u.) a very imal difference was 
found in } of the cases, the other # presented but — variations from 
the maximum-difference.’ 7 

These variations -were possibly dependent upon the abundance of 
nerves in the muscle where the needles were inserted. Where the 
needles did not come in immediate contact with intramuscular nerves a 
current of 0 mm. might in most instances be of sufficient strength to 
stimulate only a few of these nerves in the neighbourhood, while a 
current of +50 mm. would in the majority of cases be able to bring 
about an extensive stimulation of intramuscular nerves. Or might not 
the fluctuation in the difference of the latent period which likewise 
shows itself by direct stimulation of nerveless or enervated (curarized) 
muscular substance be considered a normal variation ? 

The question now arises, what the large difference in the latent 
period which in a considerable number of cases was found, is caused by ? 
Might it not be due to a summation of the stimulation of intramuscular 
nerves and muscular fibres? 

In order to test this summation-theory and to see whether stimu- 
lation of muscular fibres alone gives results differing from the above, 
I proceeded to experiment upon the Mm. Sartorius and Gracilis of 
the frog, whose nerve-distribution is more accurately known. The last 
mentioned muscle was selected for reasons to be explained hereafter. 


 EXpERIMENTs on M. SarToRIUS. 


To ascertain accurately the termination of the latent period, i.e. the 
point where the curve begins to deviate from the abscissa, has been by 
means of the hitherto known methods impossibie. I have therefore 
tried to mark this point by means of electric sparks. By means of an 
instrument constructed for this purpose the beginning of the contraction 
was marked by the removal of carbon from the smoked paper coverinz 
the metallic cylinder. The removal of the carbon was effected by 
means of a spark passing between the point of the writing needle and 
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the smoked conductor, which latter closed the circuit of the secondary 
coil; the beginning contraction breaking the metallic contact. An 
arrangement was also made by means of which the moment of stimu- 
lation and that of the beginning contraction could be marked in one 
(uninterrupted) experiment. The arrangement consisted in the inser- 
tion of an induction-machine in the primary circuit of a Ruhmkorff’s 
coil connected with a strong Bunsen’s battery. In this way the experi- 
ment is simplified’ by doing away with the preparatory marking of the 
moment of stimulation. It was, however, soon found that the spark 
did not always pursue a straight course; it likewise did not produce a 
mark constantly on the cylinder, wherefore the method was for the 
present abandoned. On this account I resorted to the method of 
Helmholtz, which Bernstein also employed, only that, instead of 
measuring horizontally the distance between the two curves at “die 


Wendepunkte,” which on the curves obtained with the spring-myograph 


are difficult to locate, I measured this distance under the microscope 
on all the curves at respectively ;4, and } of the curve-height from the 
abscissa. Du Bois’ spring-myograph was selected as the fittest instru- 
ment for these experiments, as it combines quickness of motion of the 
plate during the latent period with a long and light lever. 

The primary circuit of the normal induction-machine with Wagner’s 
magnetic interruptor left out, was closed by a single Daniell’s cell 
containing a saturated selution of sulphate of copper and a 4°/, solution 


_ of pure sulphuric acid. The surface of the eopper pole measured 12°5 


x20mm. The movements of the muscle were as before transferred 
by means of the lever te smoked paper. The muscle prepared so that 
it retained untouched its tendinous. insertion at the symphysis pubis 
and at the tibia and suspended in most of the cases with the symphysis 
uppermost was placed in a moist chamber to shelter it from the dryness 
of the air, and further moistened with } °/,. solution of sodium chloride. 
The delicate nerve was laid in the electrode-holder (“ Reiz-schuh ”) of 
Kiihne which contains two cross-bars ef platinum inclosed in the 
circuit and placed close together at the mouth of the electrode-holder, 
so that the stimulation ean be made as near the hilus as possible. The 
two pairs of electrodes for tle muscle and the nerve were so connected 
with the secondary coil by means of a commutator, from which the 
cross-bars had been removed, that the stimulation could easily be 
changed, by shifting the commutator, from the direct one of the muscle 
to that of the nerve. The interval of time between the nerve- and 
muscle-stimulation was as a rule very short, averaging about a minute. 
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In the first few experiments, needles served as electrodes for the 
direct stimulation of, and were inserted directly into, the muscle, After- 
wards at the suggestion of Prof. Kiihne, I made use of an arrange- 
ment designed to stimulate the greatest number of muscular fibres at 
the same time and to avoid the influence of the direction of the current. 
Instead of the needles, two platinum wires fastened opposite and parallel 
to each other on a small clamp of vulcanized rubber were used as 
electrodes, and as such brought transversely in contact with the muscle. 
The clamp was suspended by very thin wire from the insulated glass 
rod of the myograph, and care was taken that the limbs of the clamp 
exerted but very little pressure’, By this arrangement the current 
therefore passed transversely through the muscle. The needles used as 
electrodes in the first experiments were passed twice through the 
muscle, so that the current was compelled to flow longitudinally through 
the muscle. It appeared that the muscle-contractions obtained in this 
way required about the same strength of current (+25 to +100mm.), 
which was necessary when the clamp was used. This may perhaps 
corroborate the results of the experiments of Sachs, on the influence 
of currents which are directed parallel or perpendicular to the axis of 
the muscular fibre. At first 8 Daniell were used as the source of the 
current, which latter was so short-circuited and connected with the 
induction-machine, that a making-contraction took place—with which 
arrangement a unipolar action is said to take place less frequently ;— 
the current at the same time corresponded to a stimulus which was 
about equal to the breaking-shock obtained by means of the normal 
induction-machine and 1 Daniell. Afterwards; however, it became 
apparent that the first-mentioned arrangement was unnecessary, as in 
both cases a unipolar action was unable to affect the intramuscular 
nerves imbedded in the muscle-substance below the upper nerveless part 
when this latter was stimulated by such a strength of current as was 
here applied. 

The Sartorius was first stimulated in both nerveless ends, afterwards 
near the entrance of nerve into muscle*. The strength of current for 


1 The irritability of the nerveless part of the Sartorius muscle is very easily diminished 
by external influences, as was likewise observed by Sachs in his “Experiments on the 
passage of the current in a transverse and longitudinal direction through the muscle 
of the frog” (Reichert and du Bois’ Archiv. 1874). 

* A muscle 40 mm. in length has an upper nerveless part which is about 6 mm. and 
& lower nearly 4 mm. long, so that an active penetration of the electric current at a 
distance of 3 mm. from the upper and 14 mm. from the lower tendinous insertion would 
not come in contact with intramuscular nerves. 
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the nerve-stimulation was with one exception (by irritation at the 
hilus) never above 75mm., mostly 100mm, or even still less; at this 
distance between the coils unipolar aetion is not at all to be spipsehanded. 
.. It was found by this procedure extraordinarily difficult to obtain 
curves of equal height where at the same time the rapidity with which 
the recording plate moved was alike in both cases, Of the nine curves 
which fulfil these requirements, four were obtained by stimulation of 

| the upper, three by stimulation of the lower nerveless portion of the 
muscle and two with electrodes applied at the hilus (See Table D’). 


a 
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The other curves specified on Table D* are, as regards the above-men- 
tioned characteristics, not quite perfect. 

“Tt will be noted that all the double-curves obtained by stimulation 
of the nerveless parts of the muscle present in the majority of cases, a 
i shorter latent period when the nerve is stimulated than that resulting 
ai | from direct muscular stimulation ; at times no difference exists.” 

This difference averages less when the lower than when the upper 
nerveless part of the Sartorius was stimulated, Variations occur, how- 
ever, in both cases, particularly by stimulation of the upper end,. The 
length of time which elapsed between the decapitation of the frog and 
the making of the experiments seemed to have a certain influence upon 
the results, as the eee table illustrates, — small differences 


‘Urrrr NERVELESS 


| Time | Direction of 
after i in latent period. 
Decapitation | upwards or down- Difference period. 


'25 minutes } Symph. upwards | Nerve 00045 see, shorter 
31 


Nerve 0:0026 sec. shorter 
48 » Nerve 0-0008 sec, shorter 
56 Nerve 0-0004 sec. shorter 
19 Nerve 0:0026 sec. shorter 


25 Nerve 0:0003 sec. shorter 


4 Distance 
of muscle- 
electr. from 
aa * | tendinous 
a insertion. 
+ No. 60 

2 mm, 
No. 61 

| No. 62 

3 mm. 
No. 64 

No. 135 

2 mm. 


of curve. | tondinous Decapitation. | Upwards or wn- | Difference in — period. 
‘No, 102 | 32 minutes| Tibia upwards | Nerve 0:0003 sec. shorter — 
1 mm. |. | 
No. 103 136 No difference 
No. 104) » Nerve 0-0003 sec, shorter 
No. 105 |) No difference | 
No. 143 pit 38 /Symph. upwards | Nerve 0:0011 sec. shorter 
>» 14 mm, | 
144 Nerve 0:0010 sec. shorter 


in the height in some of the curves taken from Table D* may possibly 
also have a bearing on the latent period. 


The diminution im the difference might be partly due to a lengthening | 


of the latent period by stimulation of the nerve. 

The results are contradictory as to the effect of a change in the 
distance of the electrodes from the tendinous insertion. The position 
of the stimulated part of the muscle downwards or upwards likewise 
appears to have no influence. The best of the experimental results 
given on Table D’ present (No. 64 excepted) figures, which—if each 


series by application of the stimulus to the lower and upper end be 


considered separately—express variations as they occur within fixed 
limits by stimulation at the hilus. The figures given by Bernstein 
likewise vary (0°0032—00058 sec.). 

Stimulation of M. Sartorius near the entrance of the nerve into 
the muscle was on the other hand attended by a latent period much 
shorter than that following the stimulation of the nerve. The difference 
in time corresponds with that which Bernstein found by experiments 
on the Gastrocnemius. 

As the above mentioned by in regard to a summation of 
nerve- and muscle-stimulation seemed to be corroborated by these 
results, it was thought desirable to experiment on a muscle where the 
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nerve-branches are so grouped that: all ga can be reached by 
the current simultaneously. 


EXPERIMENTS ON.M. GRACILIS.. 


Some time ago, Dr Mays found that in the upper half of M. Gracilis 
of the frog the nerve-distribution is limited to the equator. The muscle 
is divided by means of a tendinous inscription, passing through it with 
its convexity directed downwards, into two nearly equal parts. The 
upper of these especially presents the equatorial nerve-distribution, a 
main nerve-branch which gives off quite short lateral branches pene-— 
trating its centre. The lower half is innervated by a branch which 
divides into several branchlets, M. Gracilis like M. Sartorius also has an 
upper and a lower nerveless part’. If therefore the lower branch of the 
nerve with its branchlets were carefully and as thoroughly as possible cut 
away, only the upper innervated part ought to react upon application 
of a stimulus to the nerve-trunk. This was found to be the case. 
Tetanizing the nerve with moderately strong induction-currents pro- 
duced tetanic contraction only of the upper part of the muscle. The 
‘muscle-nerve-preparation’ obtained in this way was now subjected 
with the symphysis directed downwards to the same experiments. 

- A cork-clamp, the limbs of which embraced the electrodes and were 
sufficiently long to clasp the muscle obliquely, was employed during the 
direct stimulation of the muscle. The strength of current applied for 
the nerve stimulation varied between — 225 mm. and — 75 mm. (11°5 to 
65u.). For the direct stimulation at the hilus a current of — 25mm. 
(186 u.); for stimulation of the nerveless part a current of +50 to 

+145 mm. (2800 to 7600 u.) was made use of. 

The clamp was first applied along the upper nerve branches. 

Experiments made in this manner gave four double-curves from four 
different frogs, which curves have the same height and the waves 
marked by the vibrating tuning-fork (132 vibrations per second) co- 
incide so exactly that an insignificant deviation is hardly pore to 
the naked eye. 

The difference in the latent period of these curves is precisely the 
same as that found by Bernstein and has the same limits of variation. 

The clamp was now brought in contact with the upper nerveless 
portion, in most of the experiments 1 mm. from the upper end of the 


1 The upper end of the muscle when this is 35mm. long contains no nerve-fibres for 
a distance of at least 4 mm, from the tendon of insertion into the symphysis pubis. 
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muscle, In this manner the four double-curves specified in Table D’ 
were obtained which, except the last curve where the height is not 
exactly the same, possess the above mentioned qualities. 

The results are similar to those of the experiments upon the nerve- 
less part of M. Sartorius; i.e. either the curve of the nerve-stimulation 
was attended by a shorter latent period, or less frequently the curve co- 
incided, 

The curves of both series of expecieente —the last one in each series 
excepted—were written upon smoked paper. The two exceptions 
(No. 160 and No. 161). were, however, marked directly upon the glass 
plate and could thus afterwards serve as photographic negatives. ) 

The deductions which I make from these experiments upon Mm. 
Sartorius and Gracilis are: (1) That direct stimulation of muscular 
substance rich in nerves gives a much shorter latent period than stimu- 
lation of the innervating nerve-trunk; (2) that stimulation of nerveless 
muscular substance either gives the same or a longer latent period than 
the indirect stimulation. 

It will have been noticed that by stimulation of those parts of Mm. 
Sartorius and Gracilis containing nerves, weaker currents were applied 
than by stimulation of the nerveless muscle-substance, which I was 
_ forced to do on account of the otherwise great difference in the resulting 
curve-height. In the former instance it may, however, be questionable 
whether such currents were strong enough conjointly with the irritated 
nerve to stimulate the muscular substance, which ordinarily needs 
greater stimuli, Perhaps a summation might still be possible if stimu- 
lation of intramuscular nerves could bring about an increased irritability 
of the muscle-substance of the same muscular fibre. 

That the strength of current referred to (— 25 mm.) can directly 
stimulate the intramuscular nerves was made probable by the ne 
experiments : 

I found, and it was repeatedly corroborated experimentally, that 
when the sciatic nerve was severed from the Gastrocnemius at the hilus 


and then brought in contact with the surface of the muscle fibrillary 
contractions took place upon stimulation of the nerve close to the — 


severed end when a current of — 50 mm. (105 u.) was used; only by 
contact, however, with certain points on the surface of the muscle. 
With a current of — 25 mm. (186 u.) the muscle contracted vigorously. 
No fibrillary contractions took place when the experiment was repeated 
upon a curarized frog which had-a ground circuit established by touching 
the muscle with a piece of tissue-paper moistened in } p.c. solution of 
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common salt; not even when a stimulus of +145 mm. (7600 u.) was . 


applied to the unsevered nerve. It seems therefore that the muscular 
fibres do not become irritated through unipolar action by stimulation of 
the nerve-trunk. 

I endeavoured unsuccessfully to represent the often mentioned sum- 
mation through separate stimulation of the nerveless muscle-substance 
and the nerve itself. Thus, I caused a stimulation of the nerveless 
muscle-substance of the Sartorius to follow in a very short time a stimu- 
lation of the nerve-trunk at the hilus, the former stimulation falling in 
the beginning of the latent period of the latter and vice versa. I did 
not succeed because I constantly obtained dissimilar curve-heights, and 
I doubt very much whether one will be able to decide in this matter 
with the means hitherto at command. | 

The second experimental method given by Bernstein for establish- . 
ing the existence of a period of excitation of the nerve-endorgans is based 
on the time which he, in his first experiments on the velocity of the ne- 
gative variation in the Gastrocnemius muscle, found to intervene between 
the moment of stimulation and the commencement of the deflection of 
the galvanometer needle. I have not pursued this method and can not 
therefore accurately test his results. I should, however, say that the 


limits within which the beginning of the negative variation at the 


entrance of the nerve into the muscular fibres was observed might not 
at all be ‘so narrow, considering the possibility that not the point of — 
beginning of the variation but the latter in its development was noted. 

To state briefly the principal results obtained I have found: A pre- 
ponderance of the maximum contraction by direct stimulation 
of the muscle. A great difference in the latent period by 
stimulation of the nerve-trunk near the hilus and of the 
muscle-substance rich in nerves. This is ascribed by Bernstein 
to a delay in the process of stimulation at the motor-nerve terminations 
where the amount of latent power set free is to accumulate until it 
equals the stimulus necessary for the muscle. More probably, however, 
it is dependent upon the summation of stimulus. A latent period 
by stimulation of nerveless muscle substance, which in some 
cases was the same as that resulting from nerve-stimulation, 
more frequently, instead of being shorter, was longer than 
the latent period obtained by stimulation of the nerve. 

Although this last paradoxical result remains inexplicable, the related 
experiments render at least an affirmative answer to the —_ head- 
ing this article highly improbable. 
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OBSERVATIONS ON SOME OF THE COLOURING 
MATTERS OF BILE AND URINE, WITH ESPECIAL 
REFERENCE TO THEIR ORIGIN; AND ON AN 
EASY METHOD OF PROCURING HAEMATIN FROM 
BLOOD. By C. A. MAC MUNN, MA, MD. PLT. 


(1) Easy and rapid method of procuring Haematin. An 
easy method by means of which the decomposition products of haemo- 
globin can be procured in a short time has been long wanted, and the 
method I am about to describe is both easy and rapid. 

I may remark that the methods which until very recently have been 
used for the preparation of haematin=are' (1) the decomposition of 
haemoglobin by means of oxalic or acetic acid in the presence of ether 
which takes up the haematin formed, and treating with water, alcohol, 
and ether; (2) the very elaborate method of Hoppe-Seyler which 
requires the previous formation of haemin or hydrochlorate of haematin; 
(3) coagulation of blood by an excess of cold alcohol, and boiling the 


_ precipitate with alcohol and sulphuric acid and further treatment ; 


besides these three there are other methods which I need not mention, 
as in most of them the thorough separation of proteid from coloured 
constituent is not accomplished. Nencki and Sieber* have lately 


published another method which depends on the formation of haemin 


and its solution by amyl alcohol; from the haemin thus formed and 
separated by amyl alcohol they readily obtained haematin and haema- 
toporphyrin. | 

In 1880*° when endeavouring to work out the connection between 
the colouring matters of blood, bile and urine, I found that chloroform 
was an excellent means of separating the acid haematin formed by the 
action of alcohol acidulated with sulphuric acid on blood, but owing to 
pressure of other work I had to postpone the further study of this 
subject until lately. Even now the subject is not thoroughly worked 


¢ Gamgee, Physiol. Chem, Vol. 1. p. 114. 
* Berliner Berichte, Vol. xvu. pp. 2267-2276. 
3 Proc. Roy. Soc. No. 208. 1880, 


< 
14 
| 
4 
} 
é 
a 
4 
4 
4 
if 
Th 
4 
& 
§ 
3 
“tt 
| 
« 
1 
7 
i 
4a 
4 
| 
A 
a 
+ 
at 
AL 
} 
+ 
By 
“Tee 


BILE PIGMENTS AND OTHERS. 23 


out, but as the method may lead to good results in the hands of others, 
I have thought it perhaps advisable to publish an account of it in its 
present form. | 

The defibrinated blood of the sheep or other animal, or preferably 
the blood clot (as the pigments of serum are got rid of by using the 
clot), is extracted with rectified spirit containing pure sulphuric acid of 
a strength of 1 in 17 or thereabouts, the solution is filtered, and on 
examination with the spectroscope shews the spectrum of acid haematin. 
The solution after dilution with an equal bulk of water is agitated in a 
separating funnel with chloroform, which at once assumes a reddish — 
brown colour, while at the same time precipitation of proteids and other 
matters takes place. After standing a little time the chloroform is 
separated off and filtered. The separating funnel is then well washed 
and the chloroform again returned into it and washed with fresh water to 
remove most of the acid clinging to it. It is then separated off again 
and filtered, and may be allowed to evaporate spontaneously or distilled 
on the water bath. The residue is a dark brown pigment, soluble in 
alcohol, ether, chloroform, aqueous alkaline solutions and bisulphide of 
carbon, and insoluble in petroleum and water. If allowed to remain for 
some time on the evaporating dish it dries up into a bluish-black 
powder. | | 

Now the solubility of this pigment differs from that of haematin as it — 
is usually described, and I at first concluded that this must be due to the 
fact that it does not contain a proteid, but further study of it shews that 
this is not the reason. The reason probably is that it carries with it, 
clinging to it in that tenacious manner familiar to anyone who has tried 
similar experiments, a small quantity of acid which increases its solu- 
bility in the above media. | 

This residue can now be used for preparing solutions shewing the 
spectra of acid haematin, alkaline haematin, haemochromogen and 
haematoporphyrin. Dissolved in the above-mentioned solvents it shews 


the spectrum of acid haematin, in rectified spirit and caustic soda that 


of alkaline haematin, and on adding sulphide of ammonium to the latter 
solution that of haemochromogen. To procure from it haematoporphyrin 
it is dissolved in sulphuric acid and filtered through asbestos, when the 
deep red filtrate shews a well marked acid haematoporphyrin spectrum. 
If this is poured into water and ammonia added, in a short time reddish- 
brown flocks form in the solution which are separated by filtration and 
which dissolve in alcohol and ammonia, shewing the spectrum of alka- 
line haematoporphyrin. 
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24 C. A. MAC MUNN. 


But this haematin is not pure; the readiness with which it allows 
itself to. be reduced with sulphide of ammonium shews that some 
proteid is probably clinging to it, and its solubility in the media 
mentioned shews that it is mixed with something increasing its solu- 
bility. 

i found that if instead of evaporating the chloroform after separation 
and filtering it was allowed to stand for a few hours, the solution became 
cloudy and the cloudiness was then found to be due to separated pigment. 
This occurs in brownish granules, mostly made up of groups of needles 
and rhombic prisms, and in star-shaped crystals which have a strong 
resemblance to some varieties of haemin crystals. The very small 
spicules, prisms and needles, are however arranged in crosses or rosettes 
and one does not find the isolated rhombic tablets of haemin. Still the 
resemblance to haemin is very remarkable, especially when one considers 
that no hydrochloric acid can be present. 

If these crystals are separated by filtration, well washed with water, 
alcohol and ether, the mass left on the filter paper is a bluish-black 
colour, and now is insoluble in alcohol, ether, chloroform, water or weak 
acids. It is however suluble in weak solutions of caustic alkalies, and 
in alcohol and caustic soda (out of which it can be precipitated with 
hydrochloric acid, and then gives the usual reactions of haematin). By 
this treatment its solubility is completely changed, and it answers to all 
the reactions of pure haematin. From,it can be got acid and alkaline 
haematin and haematoporphyrin, but its alkaline alcoholic solutions are 
hardly changed with ammonium sulphide. This shews that Hoppe- 
Seyler is correct in saying that the presence of a proteid is necessary 
for reduction into haemochromogen. a 

The occurrence of the crystals and their apparent dependence on the — 
presence of acid is most remarkable, and shews that hydrochloric acid is 
not necessary for the formation of crystals bearing a strong resemblance 
to those of haemin. 

Amyl alcohol as well as chloroform is a very good solvent for the 
impure haematin, but I have not yet examined this solution thoroughly. 
(2) Cholohaematin. As is well known -the bile of carnivorous 
animals is generally free from bands, except when treated with acids, 
when the band of urobilin comes into view, provided the presence of 
other bodies possessing an absorptive power for the violet end of the 
spectrum does not obscure this band. Bilirubin itself, although it has a 
most characteristic absorptive power for the violet end of the spectrum, 
gives no bands until treated with nitric acid, when the changes of colour 
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and apeeiee which it undergoes are most characteristic’. Biliverdin also 
in alcoholic solution is free from bands, whether it be prepared from 
bilirubin or obtained from herbivorous bile; it absorbs however a little of 
the red and violet ends of the spectrum and sends through green inten- 
sified, and when treated with nitric acid the same changes of spectra are 
seen as-in the case of bilirubin. All general statements affirming the 
presence of absorption bands in bile are incorrect. In Dalton’s Physio- 
logy for instance, the statement occurs that biliverdin possesses three bands, 
but in this instance Dr Dalton has concluded that the green colour of 
sheep’s bile furnishes the three bands which, as I shall shew, are generally 
present in sheep and ox bile, but in reality it owes its green colour for 


the most part to a biliverdin-like pigment’, and this when separated 


from the bile possesses no band whatever: the bands being due to a 
changed haematin as I have proved’, and not to biliverdin at all. I 
have already called attention to the fact that the bile of some animals 
yields bands, but when pregent they are doubtless due to the presence 


_ of acolouring matter which is a derivative of haematin. 


I wish now to call attention to the body in the bile of the sheep and 
ox which gives the three- or four-banded spectrum. This spectrum is 
not constant in the bile of the sheep and ox: it is sometimes only 
present in traces, and then replaced by a green pigment, which differs 
from the biliverdin prepared in the usual way from bilirubin in the 
peculiarity that it goes into chloroform when the bile—after precipitation 
of mucus, &c, with absolute alcohol and acetic acid, and filtering—is 
shaken in a separating funnel with chloroform; still it possesses the 
same absorptive property as biliverdin. 

When the band-giving pigment is a * in ox bile, its bands give 
approximately the following readings : | 

Ist band centre at 649, 

2nd band from 7613 to 585, 

3rd _ band from 4577'S to 561°5, 
4th band from 4537 to 521°5 (?). 


On adding absolute alcohol, a few drops of acetic acid, filtering, 
agitating with chloroform, separating, and filtering, a bronze-coloured 


solution is obtained which gives the same four-banded spectrum : 


Ist band from A 654 to 636, 
2nd band from A 607 to 580°5, 
1 Cf. The Spectroscope in Med cine, 1880, Also Proc. Roy. Soc., loc, cit. 


2 Which however goes into chloroform and amy] alcohol. 
Proe. Roy. Soc., loc. cit. 
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Brd band from 572 to 560, 
4th band from 4536 to 5f6. 


On dissolving the residue from a chloroform solution in ether a 
greenish solution is obtained shewing four bands : 


1st band from 2 654 to 636, 
2nd band from 2» 600 to 579, 
3rd band from 567°5 to 556, 
4th band from \ 531 to 513. 


: The pigment also went into bisulphide of carbon, forming a greenish 
_ solution giving the following bands ; 


1st band from 660 to 640, 
2nd band from A 607 to 583'5, 
8rd band from » 574 to 562°5, 
4th band from 537 to 519. 


The above solutions do not of course contain the pure pigment, and 
in order to obtain it purer I evaporated down an ether solution, dissolved 
the residue in chloroform and washed it again in a separating funnel 
with water. On séparating off the chloroform, filtering and evaporating 
the solution, an amorphous resinous looking residue of a dark sap-green 
colour was obtained which still had a peculiar musky smell. On 
dissolving some of this residue in alcohol and adding ether, no pre- 
cipitate formed, shewing that bile salts could not have been present. 

I have shewn in another place that this banded spectrum of ox and 
sheep bile is not due to the presence of the same oxidation product 
obtained by the action of nitric acid on bile pigment, as Hoppe- 
Seyler’ concluded. This can easily be seen by a comparison of the 
spectra. But an additional proof is afforded by the action of nitric acid 
on an alcoholic solution. On adding nitric acid the liquid which was 
olive-brown (daylight, and reddish by gaslight) became dark green, and 
the spectrum changed as shewn in Plate I. The dark band at D read 
from 1596°5 to 583°5, the next from 2572 to 556, and the next from 
» 501 to 481 (7). On adding more nitric acid the fluid became more 
greenish and the spectrum changed as shewn in the plate. In the large 
spectroscope the band before D was seen to be — of two, all of 
the bands reading as follows: 


Ast part of band 623 to 613, 
2ud part of band 2 607 to 600, 


1 Handbuch Physiol-Chem. Analyse. 4th Ed. 1875, Cf, Proc. Roy. Soc. No. 226, 1883. 
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next band A 577°5 to 553, 
next band 2503 to 482°5. 


Sulphuric and hydrochloric acid acted in the same way, but acetic 
acid only caused darkening of the band between green and blue, 

But the most interesting result was obtained from this colouring 
matter by the action of sodium amalgam. I had already concluded — 
that a similar spectrum to that yielded by the present colouring matter 
could be obtained by the short action of sodium amalgam’ in the cold 
upon alkaline haematin, and the truth of that supposition was confirmed 
by reducing an alcoholic solution of the pigment itself in rectified spirit 
with sodium amalgam. An alcoholic solution was sufficiently diluted 


_ with water to enable a reaction to be developed with the sodium 


amalgam and it was then heated on the water-bath. At first but little 
change was produced ; after three hours the colour had become paler, but 
after some time it again got darker. It then shewed three bands, two 
faint between D and E, and a darker at the blue end of the green. It 
was then treated with sulphuric acid in excess and filtered; the filtrate 
was reddish and shewed a spectrum which is that of acid haemato- 
porphyrin, (mixed with urobilin?) The bands read :— 

Ist A 609—600, 

2nd 582—548'5, 

3rd 505—484'5. 


The colouring matter was then isolated by means of chloroform in the 
separating funnel, the chloroform evaporated down leaving a brown 
residue which had a smell of butyric acid. It was then dissolved in 
absolute alcohol, forming a red solution, and this shewed the spectrum of 
acid haematoporphyrin, of which the bands read :—1st from 611 to 600, 
2nd from A» 582 to 548°5, the darkest part of the last being from A 569 
to 551, the third band from 505 to 484°5. And on adding ammonia until 
an alkaline reaction was obtained and filtering the solution, it was 
found to be yellowish red and gave the following bands:— _ 

Ist from > 649 to 642°5, 
2nd A 628 to 619, 

3rd A 582 to 564°5, 

4th > 551 to 531, 

5th 517°5 to 4945. 


If one compares these measurements with those of a similar solution 
of haematoporphyrin they are found to agree closely. 


1 Proc. Roy. Soc. No. 208. 1880. 
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Now I formerly found haemochromogen in mammalian bile ; and a 


similar colouring matter in the bile of invertebrates’ e.g, among pul- 


monate mollusca, in the crayfish, and latterly in Patella. In inverte- 


brates it is undoubtedly connected with the pigments found in their 


tissues which I have named histohaematins, and it is quite possible that 
in the sheep and ox it may be a metabolite of the same pigments, and of 
myohaematin. 

If the spectrum of ox and sheep bile when it contains the above 
pigment be compared with that of the histohaematins, there is a strong 
likeness (cf. also spectrum of medulla of adrenals). These observations 
so far prove that in the bile of the sheep and ox a colouring matter is 
found which must be a haematin derivative, (and a mere inspection of its 
spectrum would suggest that it may be a mixture of alkaline haematin 
and haemochromogen). 

Does this furnish biliverdin? or is biliverdin formed from it? 
Physiologists are fond of appealing to the simple structure and 
functions of the lower animals for a reply to complex questions of human 
physiology, and in the present case some observations recently made 
by me on Sea-anemones may help to answer the question. In the 
common red Actinia mesembryanthemum a colouring matter occurs 
which is changeable into haemochromogen and haematoporphyrin. Now 
in the mesoderm and elsewhere in the same animal, I have found 


-biliverdin beyond doubt. There at least it no doubt is the metabolite of 


the useless pigment which is no longer fit for respiration, and I believe 
it is the same with the biliverdin of bile. I have already shewn that 
biliverdin was present in a hydrocele fluid into which blood had been 
extravasated, and I have seen in the lobule of the liver of a pigeon 
squeezed out in the compressorium and examined in the manner de- 
scribed before the Physiological Society, in one part haemochromogen, in 
another biliverdin, which filled the ultimate radicles of the biliary ducts 
in the lobule. Hence it appears to me that biliverdin is broken down 
and changed haematin. 

With regard to this pigment of the bile of the sheep and ox, in 
order to avoid confusion, I think it ought to be called by a name which 
will distinguish it from other pigments: perhaps cholohaematin is as 
appropriate as any other. : | 

The idea that the pigment described above is chlorophyll can be 
disproved by a comparison of its spectra with those of chlorophyll. 


1 Proc. Roy. Soc. No. 226. 1888. 
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(3) Peculiarities of the colouring matters in bile from a 
biliary fistula’, As the bile acids are occasionally absent from bile ob- 
tained from biliary fistulae it becomes of interest to see whether the pig- 
ments may not be absent, or in what they differ from the normal ones. 
The specimens examined were obtained from a biliary fistula in a woman 
upon whom Mr Lawson Tait had performed cholecystotomy for im- 
pacted gall stones, and the bile was obtained some time after the opera- 
tion. The first specimen was obtained after dinner, It had a bronze- 
green colour and transmitted red and a little green in a deep layer, but 
shewed no bands, After treatment with acetic acid it became very 
much greener, shewing that a chromogen existed in it which became 
oxidized by the acid; this is interesting as in sea-anemones a similar 
chromogen is found, On agitating with chloroform no bilirubin could be 
got into solution, for the bile contained none, but on standing a little while 
in contact with the chloroform the latter shewed a band at F, and as 
the original bile gave no band, it is quite evident that a chromogen be- 
longing to the pigment giving the band at F was also present. On 
evaporating the chloroform and dissolving the residue in absolute alcohol 
a yellow solution was obtained which gave a band from A 519 to 503. 

On treatment with zinc chloride a band appeared in the red and a 
feeble one* at D, also a band nearer the violet end of the spectrum 
which also appears when febrile urobilin or stercobilin is treated with 
zinc chloride ; on adding a few drops of ammonia and filtering, a green 
fluorescence was noticed. The band of the alcohol solution was much 
nearer red than that of urobilin, yet the other characters of the pigment 
leave no doubt that it is closely related to urobilin, 

The next specimen was obtained from the woman while fasting. 
This was also a bronze-green colour and was free from bands, and gave 
a play of colours with nitric acid and the usual spectrum changes of 
Gmelin’s reaction, as also did the former specimen. It also became 
greener with acetic acid. It contained no bilirubin and no urobilin, and 
water extracted the green colouring matter from the residue left after 
the evaporation of an alcohol extract better than any other solvent. 
From the same residue ether and chloroform failed to take up anything. 

The third specimen came from the same source and was obtained 
before dinner: it had a brownish-yellow colour but on adding a little 
acetic acid and alcohol and filtering the filtrate was green. On agitating 


1 I have to thank my friend Prof. Windle for these specimens, 
2 Similar bands can often be seen when the bile of some animals is treated with 
caustic soda and zinc chloride, e.g. that of toad, frog, cat&ce. 7 
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with chloroform the latter became greenish-yellow, and gave a band be- 
tween green and blue from 2506 to 489, and this band was narrow 
and distinct. 

On evaporation of the chloroform and on dissolving the yellow and 
green residue in absolute alcohol a greenish yellow solution was obtained 


which also gave a band like the chloroform solution: on treatment with 
caustic soda and zinc chloride the same bands appeared that are seen 


when urobilin is treated in the same way: moreover @ faint green 
fluorescence was now seén. This specimen therefore contained the 
chromogen of biliary urobilin and very little of the usual bile eeasveene 
matters. 

The fourth specimen from the same source was preree after dinner 
and had a golden-yellow colour and a feebly acid reaction, sp. g. 1007. 
On treatment with acetic acid and absolute alcohol and Ai the 
filtrate was green. On shaking this with chloroform a greenish-yellow 
solution was obtained which gave the same band as that noticed in the 
last specimen from 2506 to 489. The yellow and green residue left after 
evaporating the chloroform formed a green solution in absolute alcohol 


- and absorbed a little of the red and violet ends of the spectrum, and 


shewed also a band in the blue end of green: on treatment with.caustic — 
soda alone, and with caustic soda and zinc chloride, the solution showed 
similar appearances to those seen by similar treatment of an alcoholic 
solution of stercobilin. The narrow band nearer violet extended from 
» 513 to 503 with caustic soda alone. In this specimen the principal 
colouring matter present was urobilin; there was no bilirubin and not 
much biliverdin, —. 

Mr Tait very kindly ordered the bile of 24 hours to be collected for 
me from the same case, a portion being collected every hour. The 
specimen had a bronze-green colour, a sp. g. of 1006°5, and a feebly acid 
reaction. I found that in 100 parts of this bile there were 1°4915 parts 
solids, and 98 5085 water. On treating with acetic acid and alcohol 
and filtering, the filtrate had a brownish-green colour, and on agitating 
with chloroform the latter took up the same pigment as in the other 
cases, giving a band from 507 to 490°5. The yellow and green residue 
left on evaporation of the chloroform was dissolved in absolute alcohol, 
and on treatment with zinc chloride and caustic soda this yellow solu- 
tion shewed a distinct green fluorescence and the same spectrum appear- 
ances noticed before. 

Hence four of these specimens contained the chromogen of a 
colouring matter which appears to be very similar to febrile urobilin 
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and stercobilin, no bilirubin, but some biliverdin, and the chromogen 
of biliverdin. The occurrence of urobilin in bile is very constant, so 
much so that it has as much, if not more, right to be enumerated 
among the biliary constituents as bilirubin or biliverdin. 

I regret that I am not able to find out whether the urobilin in this 
bile had found its way from the intestine to the liver, but I think it 
highly probable, as Mr Tait was going to close the fistula at this 
time’. 


(4) The seein matters of Prins I have already shewn 
that there is a difference between stercobilin obtained from the fieces of 
the cat and febrile urobilin, but on examining human feces I find that 
the difference is hardly perceptible; when one says that the fluores- 
cence of a zinc-chloride-treated alkaline solution of stercobilin is much 
greener than a similarly treated solution of febrile urobilin, he has given 
the only difference worth mentioning. The differences between sterco- 
bilin and normal urobilin are greater, and I may state at once that 
these pigments are not identical as can easily be shewn. : 

Vaulair and Masius’ so far as I know are the only investigators of 
stercobilin so called by them, but the proof of the identity or non-identity 
of this colouring matter with the urinary pigments or one of them is 
of great importance to the physician. If stercobilin is the source of febrile 
urobilin or its chromogen it is quite evident that the amount of this 
pigment in urine is the measure of the amount of absorption 
from the intestine. That this is a matter of immense importance in 
medicine no one can deny who has read Dr Lauder Brunton’s recent 
lectures on Digestion, for if a large quantity of unchanged ster- 
cobilin can be taken up from the intestine, it is reasonable 
to suppose that some ptomaine-like bodies may accompany 
it, and may escape the destructive action of the liver. 

The best, and at the same time the least unpleasant, method of pro- 
ceeding in examining fieces is to divide the mass into several portions 
and cover them up at once with different solvents, I have examined the 
colouring matters obtained from these solutions :—(1) absolute alcohol, 
(2) chloroform, (3) ether, (4) rectified spirit and sulphuric acid—I i in 15, 
(5) water. 


o. I have noticed the appearance of the band of urobilin in chloroform solutions—got by 
shaking bile with this solvent—repeatedly, so that the presence of this chromogen in bile 
is tolerably constant. 

* Centralb. f. d. med. Wissensch., 1871. Nr. 24. 
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The mass being stirred up in each solution by means of a glass rod. 
The following results were obtained. 


Alcohol solution. The alcohol solution was a deep orange red 
colour. In a deep layer it transmitted red, in thinner red and a little 
green, and, on diminishing the depth still more, an abrupt shading was 
seen at the blue end of green due to the presence of a band, which on 
adding an acid (acetic 1 drop) stood out quite black and extended 
from about » 506 to 482°5. On adding caustic soda a narrow band less 
shaded and nearer the red appeared from about 1521°5 to 505. On 
again adding acid the band appeared as before. 


With zinc chloride (alone) a precipitate was produced, and after 
filtering, the solution gave a well-marked green fluorescence, and this 
‘solution gave a band from 2.517% to 501. This green fluorescence is 
much more intense than that obtained with either normal or febrile 
urobilin, 


Ammonia also produced a similar band to that lea by caustic 
soda, also a very feeble band in red. The former read from 1517°5 to 503. 
On treatment first with ammonia and then zinc chloride, the green fluores- 
cence was very remarkable and the band produced had the peculiarity 
of shading noticed in a similar solution of febrile urobilin, its redward 
edge being abruptly shaded while the other less shaded edge extended 
far over towards violet. In one solution the band extended as far as from 
520 to 467 (!). If a deep layer of alcoholic solution be treated with 
caustic soda a band is seen in red and one at D besides that nearer violet 
referred to. The first extended from » 649 to 629. Zinc chloride caused 
exactly the same appearance, and the bands gave the same reading. 


Ether solution. The ether solution was yellow and gave a band in 
red, belonging to chlorophyll from the food, a double band far over in 
the green, and a third in violet belonging to lutein. The last three gave | 
the following measurements: 2nd band A 519 to 501, 3rd 7 492°5 to 470, 
4th 1.4585 to 445 (approximate). It seems to me that the second band 
like the fourth may belong to lutein, and its apparent darkening with zinc 
chloride is only due to the production of the usual zinc chloride band 
over it; the whole of the black band does not shift because zinc chloride 
does not act well in an ether solution. On treatment with acetic acid 
the darkest part of the dominant band reads from A 504 to 482°5. 
Possibly the second band may be due to a pigment arising from the 
action of trypsin on a proteid, as Krukenberg figures a band almost in 
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this place which was obtained by the action of trypsin on filvis and 
treatment with oxidising reagents’. 

Chloroform solution. The chloroform solution was orange in colour 
and gave also a chlorophyll band in red and one between green and 
blue, but no band before this latter as in the case of the ether solution. 
On treatment with an acid the band between green and blue became 
quite black, on suitable dilution it was found to extend from 507 to 
486°5, but in a deeper layer it had a great breadth: in one experiment 
from 507 to 462. The absence of unchanged bilirubin was proved * 
appropriate tests. 


Aqueous solution. The solution obtained by means of water was 


| yellow in colour and gave only a double band at F,, reminding one of the 


ether solution. The feeble part of this double band begins at 1519 and 
the dark part extends from A 503 to 484°5 with one drop of acetic acid. 
On treatment with zinc chloride a faint green fluorescence was seen and 
the zine chloride band appeared from A 521°5 to 503. 


Rectified spirit and sulphuric acid. The solution obtained by 
means of rectified spirit acidulated with sulphuric acid was a dirty brown 
colour, and in a deep layer allowed only the red of the spectrum to 
pass; but in a thinner layer a band became detached at D, while in a still 
thinner layer a dark broad band became detached at the blue end of 
green. The first one read from 613 to 582 and is that of indigo blue, 
while the dark band extended from about A 507 to 462, its darkest 
part being included between 501 to 475. 2 

On diluting this solution with water and shaking in a separating 
funnel with chloroform and separating this off and filtering, a red solu- 
tion was obtained which gave the same two bands, the first from 613 
to 585 and the second from 1509 to 482°5. On pouring on a white 
dish the fluid at its edge had a dirty violet colour due to the presence of 
indigo-blue. 

On evaporating the chloroform solution on the water-bath a dark- 
brown, amorphous residue was obtained, which gave practically almost 
the characters of febrile urobilin both as to solubility and spectra of its 
solutions; these it is unnecessary to repeat. In none of the solutions 
could I detect unchanged bile-pigments. The position of the 
bands in an alcoholic solution with zinc chloride and with caustic soda, 
both of that close to C and at D, differs very slightly from that of those — 


? Verhandlungen der Physikalisch-med. Gesell. zu Wiirzburg. N. F. B. xvut., Nr. 9. 
1884. 
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of a similar solution of febrile urobilin and resembles closely that of the 
bands of a similarly treated solution of the urobilin of bile. Indeed I 
think that my former conclusion “that the urobilin of bile is formed in 
the intestine” is justified from the appearances seen’. 

(5) Colouring matters of Urine. The colouring matters of urine 
have been the subject of more controversy among physiological chemists 
than most other things in physiology. The mistake which most people 
are guilty of is that of supposing that urine, either normal, or patho- 
logical, owes its colour to one colouring matter. There are in pathological 
urines—excluding the influence of bile and blood—a great number of 
pigments, and chromogens, of which some are derivatives of bile and of 
haematin, others oxidised derivatives of indol, skatol and other bodies of 
the aromatic series whose radicals are produced by the action of trypsin 
and other ferments on the proteids in the intestine. Then there is, even 
in normal urine after boiling with acids, a body soluble in amyl alcohol 
which becomes quite black on evaporation as Plosz has shewn’, and also 
other bodies reddened by, boiling with mineral acids. Most of these 
substances occur in the form of chromogens which are with difficulty 
separated from each other. The idea that normal urine only contains 
one yellow colouring matter which becomes oxidised into uroerythrin is 
to anyone who has made a special study of urinary chromatology 
perfectly absurd; but I hope at some future time to be able to publish 
an account of my experiments on those chromogens of urine which 
are remotely derived from indol and skatol and other digestion-formed 
radicals, but for the present I must confine myself to those pigments 
which are derived from haematin, bilirubin, and biliverdin. 

I have already shewn that there are two distinct kinds of urobilin, 
(1) an incompletely metabolised body which is that known as febrile 
urobilin® and which is found in a great number of pathological urines, 
and whose chromogen occurs in most normal urines. Now I have 
already said that this kind of urobilin is almost the same as stercobilin ; 
it differs from it principally in the fact that on treating its alcoholic 
solution with ammonia and zinc chloride the green fluorescence is not 
so well marked, and there are also some trifling differences in the 
spectra with regard to the feeble bands towards the red end of the 


1 Proc. Roy. Soc., No. 208. 1880, 

* P. Plosz: Zeitsch. f. Physiol. Chemie, Band v1., Heft 6, p. 504, and Band vymu., 
Heft 1 and 2, p. 85. 

’ The band at F of febrile urobilin in absolute alcohol extends (in one depth) from 
\ 505 to 475, and (in a less depth) from \ 503 to 482-5. 
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spectrum. It is this febrile urobilin which is called urobilin by con- 
tinental chemists and their English copyists. I often regret that this 
pigment has been named febrile urobilin, as it occurs in many cases 
where there is no elevation of temperature: for example, in cases of 
functional derangement of the liver, dyspepsia, chronic bronchitis, 
valvular diseases of the heart and other conditions. It seems to me 
that anything which alters the blood-pressure in the liver may cause — 
pathological urobilin to appear in the urine in large quantity; and 
under normal conditions all that part of it which escapes conversion 
into a chromogen is further oxidised in the blood into normal urobilin 
and appears as such in the urine. The band at F of febrile urobilin is 
much darker than that of normal urobilin and much broader, and its 
replacement by a narrower band nearer the red by the use of caustic 
soda and zine chloride is much better marked than in the case of 
normal urobilin, whose band at F often disappears with caustic soda. _ 
(2) The other kind of urobilin is not—when in the solid state— 
the deep brown or reddish brown of the former, it is a dull brown. 
The dominant band of its acid solution is much feebler than the last, 
and it certainly is very like, if not identical with, choletelin, as I have — 
shewn’. I also produced a similar colouring matter by acting on acid 
haematin with peroxide of hydrogen, but it is only lately that I found 
that this peroxidised pigment when dissolved in alcohol and treated with 
ammonia and zine chloride gives a green fluorescence, Hence 
I believe there can no longer be a doubt that we may produce from 
haematin, by oxidation, a pigment yery like, if not identical with, 
normal urobilin, This pigment is not the same as stercobilin and I 
believe it occurs in blood serum. I have made a great number of 
experiments on pathological serum-colouring-matters. The albumen 
was coagulated by heat, the coagulum dried and pulverized, and ex- 
tracted with different solvents, and I frequently found traces of a colour- 
ing matter which has a close resemblance to the above oxidation 
product. But in a considerable proportion one a'so meets with bili- 
verdin or a closely related pigment whem the powder is extracted with 
alcohol acidulated with sulphuric acid*. It would therefore appear 
that we may have normal urobilin formed entirely from haematin, and 
that, under normal conditions, only a chromogen belonging to changed 
stercobilin occurs in the urine, and that it is not always present. 


Proc. Roy. Soc. No. 208. 1880. 
* Ido not wish it to be understood that I deny the presence of “serolutein” in blood 
serum ; I think it is frequently present. 
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But there is another pigment present occasionally in urine whicb 
cannot be prepared from bilirubin or biliverdin, and this is a pigment of 
great interest from a pathological standpoint. It is that which I named 
urohaematin but which might with greater propriety have been called 
urohaematoporphyrin, since it bears a very striking resemblance to 
haematoporphyrin, as can be seen by comparing the spectra of its alkaline 
and acid alcoholic solutions, with similar solutions of haematoporphyrin. 
It is now five years since I found this colouring matter in the urine of 
a case of rheumatic fever, and shewed that I could produce it artificially 
from haematin either by means of reduction with zine and sulphuric 
acid or sodium amalgam’. I notice that Nencki and Sieber’ have 
produced a body from haematin by the action of tin and hydrochloric 
acid which they call hexahydrohaematoporphyrin, which doubtless is 
the same body. I may recall to mind that, according to Hoppe- 
Seyler, urobilin is produced by this treatment; but I was the first to 
shew that the body obtained by zinc and sulphuric acid and haematin is 
the same as the pigment I obtained from urine and named urohaematin. 
_ An inspection of its spectra shews that it differs remarkably from 

urobilin, and resembles closely—except for the exact position of its 
bands—haematoporphyrin. (See Pl, I.) 

I may here state that it is obtained from urine® by precipitating the 
urine with neutral and basic lead acetate as long as a precipitate falls, 
separating the precipitate by filtration, decomposing it with rectified 
spirit and sulphuric acid, filtering and agitating the filtrate with chloroform 
in a separating funnel after dilution with water. The chloroform is then 
distilled off and the residue examined. It is a brown pigment and is 
soluble in alcohol, chloroform and the other solvents already mentioned 
in former papers, But the presence of this pigment can be easily 
detected in the urine by merely adding a little mineral acid and 
examining in a deep layer, when the characteristic bands of acid 
urohaematin are seen. | 

In the acidulated alcohol solution‘ its bands read: 1st, 1 595 to 587; 
_ (2nd, 1.576 to 566? a band which I had previously missed) ; 3rd, 557 
to 541°5; 4th, X 503 to 482°5. I believe the darkness of the band at F 
is due not only to this pigment but also to the presence of urobilin; still 


1 Proc. R. S. No. 208. 1880. 

2 Loc. cit. 

3 Like febrile and normal urobilin. | 

4 From urine of Addison’s disease. It shews, with zinc chloride and ammonia, only 
a faint green fluorescence. 
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its alcoholic solution on treatment with ammonia and zinc chloride 
shews only a feeble green fluorescence. 

The pigment also goes into amyl alcohol, and this solution shews the 
same bands as a chloroform solution, but it also takes up a chromogen 
which becomes oxidised to a black brown pigment’ on evaporating the 
amyl alcohol. 

On treating an absolute alcohol, solution of the isolated pigment 


with caustic soda a five-banded spectrum is obtained, the bands of which 


read as follows: Ist, 1654 to 640; 2nd, 1627 to 618; 3rd, 1582 to 563; 
4th, 1540 to 527; and Sth, 71509 to 488. An absolute alcohol solu- 


tion with sulphuric acid gave: Ist band, \ 596°5 to 587; 3rd, X558°5 to 


544; and 4th, 1 503 to 481. This pigment possesses a peculiar interest, 
as I find it in the urine of rheumatic fever with great constancy, and 
I also found it, as communicated to the British Medical Journal’, in 
the urine of a case of “idiopathic” pericarditis which doubtless owed | 
its origin to the materies morli of rheumatism. In very slight cases 
I find it present in mere traces, and in cases which were apparently 
going to end in rheumatic fever, but’ in which the pain ceased after 
a few doses of — of soda, I could as a rule find only pathological 
urobilin. 

Latterly, I hers also found urohaematin in the urine of Addison's 
disease, which appears to me to be of importance, as it supports the 


view as to the function of the adrenals which I published in abstract: 


last December’. If the function of the adrenals is to remove éffete 
blood-pigment from the body or to convert it into something which can 
easily be removed, disease of them may prevent this taking place 
and the effete pigment or its imperfect metabolite may appear 
in the urine as urohaematin. Hence then urohaematin may 
appear in the urine under two totally different conditions: firstly, from 
over-production of effete blood-colouring matter or effete histohaematin, 
in greater quantity than the blood-metamorphosing glands can deal 
with; or secondly in normal quantity but too much for diseased blood- 
metamorphosiug glands to deal with, as in Addison’s disease. 

I may here remark that the occurrence of Addison’s disease without 


1 The “‘uromelanin” of Plosz, loc. cit. 

? Brit. Med. Journal, Dec, 1883. 

* Proc. Physiol. Soc., No. 1v. 1884. The urohaematin of Seabsabaitiaduaciah shew 
some trifling differences in the position of its bands from those of the urohaematin formerly 
described by me and referred to supra, but this can easily be explained, as the difference 
depends on the amount of reduction. 
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disease of the adrenals is no argument against my theory, because 
disease of any other organ in which metabolism of effete pigment takes 
place might bring about the same result, nor is the occurrence of 
diseased adrenals without bronzing of the skin an argument against it, 
because the other pigment-metabolising glands (among which is the 
liver) may take on increased activity, and be ablé to deal with the excess 
of effete pigment. I have thought it necessary to introduce these re- 
marks, as physicians are apt to draw conclusions from imperfect data 


and often fail to take a broad grasp of all the bearings of the case. 


It is not necessary to suppose that the mother pigment of urohaematin 
is worn-out haemoglobin, as a very curious fact found out by me teaches. 
If the integument of brown specimens of Uraster rubens or of the 
slugs Limax and Arion’ be extracted with alcohol and sulphuric acid a 
sclution is obtained which shews all the characters of haematoporphyrin ; 


and this haematoporphyrin exists as such in the integument, as can 


easily be proved. Now in the bodies of these animals there is not a 


trace of haemoglobin, all their tissues and organs being free from it: 


but they contain histohaematins, Hence the bistohaematins may 
furnish the mother pigment of the integumental haematoporphyrin. If 
this is the case in invertebrates it may also occur. in vertebrates; and 


may not the myohaematin of the muscles furnish it? Can some 


chemical change take place in the muscles of rheumatism accompanied 
by the setting free of an acid such as lactic acid and of a metabolite of 
myobaematin? Whether this be the case or not we must acknowledge 
that under certain diseased conditions a pigment is found in the urine 
which has its origin not from bile pigments, but from haematin. 


Putting all the facts obtained together, it would appear that the 


stercobilin resulting from the putrefactive processes in the intestine, and 
accompanied. by imperfectly changed biliary pigments, is taken up by the 
branches of the portal vein and carried into the liver, where it is probably 
again changed by the action of a ferment into a chromogen: a portion of 
this chromogen gets into the blood and is excreted in the urine as a chro- 


mogen. A portion may escape in the condition of biliary urobilin as such 


and appear in the urine in a further oxidised condition, or owing to dis- 
turbance of circulation in the liver a large portion of unchanged biliary 
urobilin may appear in the urine. Besides this, the urine under normal 
conditions may contain a pigment which has no biliary origin and may 
be derived entirely from haematin ; while in certain diseased states a 


1 Proc. Birm. Philos. Soc. Vol. m1. (1883), p. 378 and seq. I have repeatedly verified 
the truth of this statement since 1883. 
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BILE PIGMENTS AND OTHERS. 


reduction product of haematin, having no connection with bilirubin or 
biliverdin, and closely related to haematoporphyrin, may appear in the 
urine and to a great extent, if not altogether, may replace urobilin. 

It is only by the careful use of the spectroscope that these colouring 
matters can be distinguished from each other. 

I wish to say in conclusion that the above paper only represents 
the present state of my knowledge with regard to these colouring 
matters, and may be considered — a oe account of a 
difficult subject. 


EXPLANATION OF PLATE I. 


Sp. 1. Aleohol solution of cholohaematin isolated by means of chloro- 
form and dissolved in absolute alcohol. (Ox-bile.) 

Sp. 2. Action of nitric acid on this solution, first stage. 

Sp. 3. The same, later stage. | 

Sp. 4. Alcohol solution of the above cholohaematin after the action of 
sodium amalgam and isolation, solution in alcohol and treatment with 
sulphuric acid ; this is acid haematoporphyrin mixed with urobilin. 

Sp. 5. The absolute alcohol solution of the same colouring matter after 
isolation treated with ammonia; this is alkaline haematoporphyrin mixed 
with urobilin, 

Sp. 6. Absolute alcohol solution of febrile urobilin isolated from urine: a 
combination spectrum of a deep and a shallow layer. 

_ Sp. 7. Normal urobilin isolated and dissolved in absolute alcohol. 
_ Sp. 8. Absolute alcohol solution of febrile urobilin treated with ammonia 
and zinc chloride (combination spectrum). 

Sp. 9. Acidulated alcohol (rect. spirit and H,SO,) extract of feces 
(stercobilin and indigo-blue). 

Sp. 10. Absolute alcohol extract of the isolated stercobilin treated with 
zine chloride, 

Sp. 11. Urohaematin from urine of Addison’s disease as it is seen in the 
acidulated rectified spirit extract of the lead precipitate from urine, This is 
the spectrum of acid urohaematin. 

Sp. 12. Alkaline urohaematin in an absolute alcohol solution of the isolated 
pigment after treatment with caustic soda. On comparing this spectrum 
with Sp. 5, they are seen to have some resemblance to each other, but the 
differences are well marked. 
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THE EDIBLE BIRD’S-NEST, OR NEST OF THE JAVA 
SWIFT (COLLOCALIA NIDIFICA). By J, R. GREEN, 
B.Sc., B.A., Scholar of Trinity College, Cambridge. 


THE swifts as a family are remarkable for certain peculiarities in the 
construction of their nests, fastening together the materials they use by 
a peculiar kind of secretion. The nest of the common swift of our own 
country has at least its innermost layer so agglutinated. Collocalia 
fuciphaga, according to Bernstein, fastens together in this way the 
whole of the structure. Perhaps the most interesting of the whole genus 
is C. mdifica, a species met with in Java and Borneo, concerning the 
construction of whose habitation much controversy has taken place. 
This species produces the so-called edible bird’s-nest, a delicacy long 
held in high esteem by the Chinese and lately brought into promi- 
nence in England through the Health Exhibition at South Kensington 
last year. 

_ The nest is in appearance not unlike a dried flattened spongy bone 
such as the occipital bone. It has a brownish or dirty white colour; is 
on the outside compact and hard; on the inside spongy in texture. 
It is brittle, breaking with conchoidal fracture, much like glue. 

Three chief hypotheses have been advanced as to its construction. 

The first is that it is partly at least of vegetable origin consisting of 
pieces of alga fastened together by the bird’s saliva. The caves which 
the birds are found to haunt have their sides covered in places with a 
peculiar alga allied to Gleocapsa, the diffluent cell-walls of which would 
easily lend themselves to such a use. The advocates of this view 
suggest also as a likely material certain marine algae, In the nest- 
building season the birds are observed often to settle at the edge of the 
shore and to return thence directly to their caves. The nest of the 

nearly allied C. fuciphaga, which much resembles that of C. nidifica in 
appearance, is according to Bernstein’ built up of plant stalks, stems 


1 Journal fiir Ornithologie, 1859, p. 111. 
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EDIBLE BIRD'S NEST. 


of Casuarina, stalks of grass &c., placed nearly parallel on one another 
and glued together by a peculiar horny substance. 
It has been suggested by some observers that the birds do not 


merely glue the vegetable matter together, but that it is eaten and — 


after partial digestion is again ejected and in that condition i is made to 
form the substance of the nest. 
The second theory is that the saatitial 4 is made by the bird from fish 


spawn, or collected from the mol!lusca picked up upon the surface of the. 


sea. 


The third hypothesis worthy of notice was advocated by Sir Everard 


Home in a paper written in 1817", It is that the material consists 
entirely of an animal secretion and that it is essentially the product of 


certain glands occurring in the bird. Sir Everard describes in the Java — 


swift a peculiar construction of the gastric glands. He says that there 
is a membranous tube surrounding the duct of each gland which after 
projecting into the gullet a little way, splits into separate portions like 
the petals of a flower; and he suggesis that the material of which the 
nest is composed is secréted by the surfaces of these tubes just as the 
gastric juice is secreted by the glands themselves. 

This internal origin is also advocated by Bernstein, who wrote in 
1859. After describing the appearance of the nest and stating what 
views were held upon the subject of its construction, he speaks of 
certain structural peculiarities of C. nidifica with which he connects the 
secretion. He says that he has found in the bird during the nest- 
building season two large salivary glands forming cushions by the side 
of the tongue, which secrete mucus in large quantities. This collects in 
the front of the mouth under the tongue near the ducts of the glands, 
and resembles very much a concentrated solution of gum arabic, being 
so viscid that it can be drawn out of the mouth in the form of threads. 
When dry its appearance is exactly that of the nest material. 

Of these three views of its formation the first and third have met 
with most support. It should not be difficult to decide between them, 
because if the vegetable theory be correct, the microscope should reveal 
cells, or traces of cells, which could be referred to whatever alga had been 
used, while chemical tests for the presence of cellulose are not difficult to 
apply. Trecul and Montagne’ writing in 1855 declare their inability 
to recognise evidence of such origin and Bernstein‘ in 1859 says no 


traces of plant cells so far had been found to be present. He further 


1 Phil. Trans. 1817, p. 337. 3 Compt, rend, Ac. Sc. 1855. 
2 Loe. ctt. * Loe. cit. 
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says that in the stomachs of the birds at the breeding season, nothing 
but insects can be found, showing that they do not use in the building 
regurgitated vegetalie matter. 

In a specimen’ of the nests used for soup at the late Health Exhi- 
bition, but little structure of any kind was visible. The appearance of the 
nest as found in the caves has been described above. In its natural con- — 
dition the material was too hard and brittle for microscopic investigation. 
Prolonged soaking in water or glycerine caused it however to swell up 
without losing any peculiarity of its form. It became soft and almost gela- 
tinous in texture and was then easy to examine. Under a low power of - 
the microscope it appeared to be laminated; striae were visible over its 


surface, parallel, or nearly so, and somewhat wavy. On teasing it with 


needles it readily split in two directions, one parallel with, the other at 
right angles to, the surface. The most careful examination with both 
low and high powers failed to show the presence of vegetable cells or of 
any débris arising from such. The only structural elements at all to be 
identified were bodies closely resembling in appearance squamous 
epithelium cells. These occurred scattered about in the substance, but 
only on the surfaces of the laminae into which it readily split. Micro- 
chemical reagents were equally unable to show any traces of vegetable 
origin. The material stained pale yellow with iodine, but in adding 
sulphuric acid, there was no development of the blue colour which 
under such treatment demonstrates the presence of cellulose. There 
was considerable swelling up under the action of the strong acid, but no 
further structure was brought out thereby. Similar results followed 
the application of chlor.-zinc-iod. or Schultze’s solution, the swelling 
being however much slower. The application of nitric acid, followed 
by ammonia, produced an orauge colour apparently identical with that 
given on similar treatment by proteid bodies. 

Examination of sections cut in three planes revealed no further 
structure. The sections stained readily with haematoxylin but not 
with carmine or picro-carmine. The substance reduced solution of 
argentic nitrate with appearance of the well-known brown colour. 
With both the stains that affected it, the whole of the section was 
uniformly coloured. 

The microscopic investigation of the properties of the nest pointed 
thus to the third view of its formation quoted above. But little 
concerning the chemical nature of the material has hitherto been 


' Kindly placed in my hands by Dr Sclater, F.R.S:. 
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“published. In his paper’ Sir Everard Home describes what had been 
ascertained on this head in 1817. From his investigations he held it 
to consist of a substance “ Baeng properties intermediate between 
gelatine and albumen.” 

It has already been stated that under prolonged soaking in water or 
in glycerine it swelled up without losing its form, and became semi- 
gelatinous in texture. In neither warm nor cold water was it soluble: 
resisting a maceration even of six weeks in the latter without decompo- 
sition. On transferring it thence to lime or baryta water it slowly 
dissolved, revealing as it did so certain foreign bodies, débris &c. 
mechanically entangled in its laminae. The chief part of this, which 
altogether was in very small quantity, consisted of small feathers. 

The solution so obtained presented the following characteristics :— 


1. On adding acetic acid there was a very marked opalescence at 
once, but this did not become a precipitate even on standing and — 
warming. 

2. Alcohol gave a bulky flocculent precipitate of pinkish colour. 

3. There was a well-marked xanthoproteic reaction. 

4, There was no reaction whatever with Millon’s reagent. 


5. There was no further precipitate on adding potassic ferrocyanide 
to the solution made opalescent by acetic acid. 

6. Lead acetate gave at first a white precipitate. On standing, a 
quantity of thin plates resembling crystals separated out. On washing 
these and adding sulphuretted hydrogen they turned brownish-black. 
When the reaction of the solution was made faintly acid, the lead 
acetate did not. give a precipitate, but only rendered it opalescent. The 
liquid did not reduce Fehling’s fluid. 


These reactions, considered together with the absence of structure in 
the material, point evidently to its being the product of the activity of 
some gland in the body, and bear out the view advocated by Sir E. 
Home and by Bernstein. It does not appear however from them 
whether the gland is a peptic or a salivary one. Evidence on this 
point is not forthcoming so far, for the most careful examination has 
failed to show any ferment-property attaching to the nest. Neither the 
first water in which it was soaked, nor its solution in lime water, nor | 
the swollen up material itself, was able to convert starch into sugar, nor 
was any action on fibrin found to take place, whatever the reaction. It 


1 Loe. cit. 


ry 
A 
¥ 
a 
* on 
3 
WZ 


i | 
; 
| 


44 J. R. GREEN. 


is plain therefore that though the nest substance may have been ori- 
ginally the production of salivary or gastric glands, now that it has 
been devoted to a definite purpose apart from aeons the ferment- 
property has been lost. 

The products of its decomposition are curious. Though from its 


reactions it appears not to be a proteid yet it is closely connected with 


them. On boiling some of the nest for four hours with dilute sulphuric 
acid of 2°/, strength it is broken up and dissolved. The colour of the 
liquid during the progress of the action changes, becoming pinkish, 
and by degrees darker and darker till it reaches a brownish purple of 
some depth. On neutralizing carefully with solid sodium carbonate a 
fine precipitate falls which is soluble in either dilute acids or alkalis. 
This when filtered off and dissolved in either gives all the proteid 


reactions except that with Millon’s reagent. It is in fact acid-albumin. 


In the liquid left after neutralizing and filtering is a body which reduces 
Fehling’ s fluid. On evaporating nearly to dryness, dissolving in alcohol, 
and. again seas after filtering, crystals of sugar separate out 
after a time. : 
The nest matter resists almost entirely the action of pepsin. A 
vigorous gastric extract which digested fibrin in half an hour, required 
more than twenty-four hours before it succeeded in breaking up a small 
piece of the swollen-up nest. A pancreatic extract on the other hand 
attacked it energetically, and digested it at about the same rate as it 
did fibrin. | 
Though decomposed by sulphuric acid the nest was not acted upon 
in the cold by weak hydrochloric acid, 1—5°/,, or by alkalis. On boiling 
with NaHO it was dissolved, to a brown solution. 7 
On considering these reactions and decompositions it is impossible 
to avoid being struck by the resemblance which the nest substance 
shows to the mucin described by Eich wald’ as occurring in the tissues 
of Helia pomatia and by Obolensky as found in the secretion of 
submaxillary glands*. 
_ The chief differences are 


1. The nest is insoluble in ae bi and in dilute alkalis, while 
mucin is soluble in both. 


Eichwald: “Ueber das Mucin besonders der Weinbergschnecke. " Annal. Chem. 
Pharm, cxxxtv. 1865, pp. 177-211. 
? Obolensky: “ Ueber Mucin aus der Submaxillardriise.” Pfliiger’s Archiv, Vol. 
Iv. p. 336. 
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_ 2. Miicin in solution is precipitated by acetic acid, while the nest 
solution only becomes opalescent. 
3. Mucin is indigestible by pepsin, while the nest substance is 
- dissolved, though with extreme slowness, 
4, Mucin in solution in NaHO yields to ether a body which is 
coloured green by ferric chloride’, The nest material does not. 


By both microscopical and chemical examination therefore the 
theory of vegetable origin is unsupported. The substance is an animal 
product, so closely allied to mucin that it may be said to be a variety 
of it; and it is hardly open to doubt that it is the result of the activity 
of the glands described by Bernstein’ as being remarkably developed 
in the nest-building season and as atrophying immediately afterwards, 


1 Obolensky, loc. cit. _ 2 Loc. cit. 
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THE VELOCITY OF ACCOMMODATION. By JAMES W. 
BARRETT, M.B. (Melbourne), Demonstrator of Physiology im 
King’s College, London. 


Introduction. 


THE experiments on which this communication is based, and their 
general mode of conduct, have been subjected to the supervision of 
Professor G. F. Yeo, by whose kind assistance many of the detailed 
parts of the apparatus with which the measurements have been made 
were arranged. 

Mr W. Lang (of Moorfields) has also devised several additional ap- 
pliances for facilitating the work, notably the method of estimating 
the accommodation velocity with binocular vision. 

Further Mr Stanford Morton has materially assisted the writer, 
who feels that the effectiveness of the apparatus he has used depended 
in great measure on the kindness of his friends. 


It would appear that but few workers in physiology have attempted 
to ascertain the time occupied by the act of accommodation. 

The first, as far as the writer is aware, who examined the subject 
experimentally was Volkmann’, who when discussing the motion of 
the eye, in his article “Sehen” in Wagner's Dictionary, states that 
by an application of Scheiner’s method he found that in half a minute 
he could change his accommodation 20 times from 11 to 6 inches and 
back again, This gives an average of 1'5 seconds for each movement 
but makes no distinction between alteration from far to near and from 
near to far. 

The first who devoted a special work to the subject was Vierordt?, 
who by means of a chronoscope determined the duration of the acts of 
changing the accommodation of his practised left eye to and from a fixed 
object situated at 1819 cm, and another at a varying near point. The 
objects were diagonally placed threads. He found that the rate varied 

1 Wagner's Handuworterb. d. Physiol. Bd. ut. p. 309. 


2 **Versuche iiber die Zeitverhiiltnisse des Accommodati im Auge.” 
Arch. f. physiol. Heilkunde, N.F. Bd. 1. 1857. 
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~ (1) from day to day in the first week, shortening by practice, (2) according 


to the distance of the near object; (3) with the duration of the period of 
previous accommodation; that is to say, a number of observations 
rapidly following one another were effected more rapidly than an 
isolated one. The time taken by the change of accommodation from 
near to far bore the relation to that taken from far to near of 100 to 
135, the general mean duration being ‘7987 sec. and “9430 sec. re- 
spectively, 

The only other special paper which has come within the writer's 
reach is one by Aeby’, who attempted to determine by direct observa- 
tion the duration of the act of accommodation. He used needles as the 
points of fixation and estimated the time intervals by making and 
breaking the electric current — an electro-magnet which recorded 
on a glasscylinder. — 

He worked within comparatively narrow limits, 430 mm. being the 
maximum far limit and 115 mm. the minimum near limit. The rela- 
tion of the mean time occupied in accommodating from the near to far 
and far to near was 100—150. Owing to the nearness of his maximum 
far point, his results can hardly be compared with those of Vierordt 
(which it appears he had not seen); but on the — the measurements 
seem longer, and more irregular. 

No statement accompanies these observations as to the sed a of 
refraction of the eyes of these observers, or of their ages; nor do they 
seem to have compared the left with the right eye. Their results are 
moreover somewhat conflicting and their methods appear to be deficient 
in some respects. It therefore seemed advisable to investigate the 
matter in a modified way. 

The difficulties of recording the exact time at whieh the near and 
far objects are seen most clearly, i.e. the exact time at which the act of 
accommodation begins or ends, are exceedingly great under any circum- 
stances; because the time required for the mental decision is variable. 
This difficulty is especially so when the method of the former observers— 
viz. that of putting the accommodation apparatus in action by the will 
and recording the time by another volitional act—is adopted. 

In this laboratory an endeavour has been made by the foregoing 
method to measure the velocity of accommodation of the laboratory 
assistant and of the writer, but in both cases it has not been possible 
to arrive at satisfactory results. One of the difficulties encountered is 


1 “Die Accommod tions-Geschwindigkeit d. menschlichen Auges.” Zeitsch. f, rat. Med. 
Dritte R. B. x1. 1861. 
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the wandering of the eye which occurs when changing from the near 
to the far object, and the writer has been as yet unable to satisfy 
himself that his observations taken in this way are trustworthy, for 
objects such as Vierordt used are very difficult to see clearly at a dis- 
tance of 1800 cm., and the needle points employed by Aeby are only 
applicable to short distances and are open to the same objection. 

'. To the former observer’s method there is also another objection. 
Rays of light proceeding from a point distant 600 cm. are usually re- 
garded as being practically parallel, and so Vierordt, who placed his far 
point at 1819 cm., three times this distance, was justified in regarding 
rays proceeding from an object situated at that distance as parallel ; still 
his eye could not have been perfectly relaxed when looking at such an 
object and must have been accommodated to the extent of 129, =+ °05 D, 
a slight, but as will be afterwards shewn, an important amount. The 
last objection to these methods is their very great inconvenience and © 
the difficulty experienced in rapidly changing the distances of the far 
and near points in order to vary the observations. On account of these 
objections the writer has endeavoured to construct an apparatus capable — 
of effecting all these measurements in a moderate space and with 
considerable rapidity, but which at the same time should ensure optical 
accuracy. 

Method of Experiment. 

The apparatus by which the measurements now given have been 
taken is constructed so as to eliminate the objections mentioned. It 
consists of a skeleton compound microscope; the objective, being a lens 
of about 5cm. diameter and about 7 cm. focal distance, is supported 
on a fixed stem, whilst the oculars, which can be changed from time 
to time as required, are of slightly less diameter and of varying focal 
distance. They are supported on a lever which can be quickly de- 
pressed and by this action the circuit of a magnet is made and the 
time recorded on a rapidly rotating drum. 

The apparatus is placed horizontally. Under ordinary circumstances 
an observer looking through the ocular would see the inverted image of 
an object placed beyond the focal distance of the objective. If an ocular, 
say of 25cm., be introduced, and the distance of the real image from 
the objective be accurately measured, and then the ocular (which can be 
moved towards or from the objective) be. placed exactly 25cm. from the 
image, it follows that the rays issuing from the ocular will be parallel. 

An emmetropic observer, placed with his eye say 10cm. from 
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this ocular, will see a clear inverted image of the object if his ac- 
commodation be perfectly relaxed, but not otherwise. 

If the ocular be nearer to the image than 25 cm. he will be compelled 
to accommodate to see it clearly, and if it be further away he will be 
quite unable to see it, since the normal eye cannot focus convergent rays 
upon the retina under any circumstances. 

The writer is aware that theoretically no image will be seen if the 
rays are exactly parallel, but as scarcely any eye is emmetropic within 
‘25 D this fact is of no import. 

If the observer's eye be 10 cm. from the ocular, and the ocular 25 cm. 
from the image, he sees the image distinctly with perfectly relaxed 
accommodation. Now either he or someone else suddenly draws the 
ocular right away from the line of vision, and by so doing makes the 
circuit of an electro-magnetic time-writer, and a graphic record of the 
event which throws the image out of focus is made on a rotating | 
drum. 

But as the ocular is drawn away a blurred image is seen, and then 

an efferent impulse is sent to the ciliary muscle which contracts and the 
eye is accommodated for the image distant 35 cm. 
As soon as the image becomes clear the galvanic circuit is broken by 
- @ movement of the observer’s hand, and the end of the change thus 
marked. The interval between the two records is the time taken for 
the ciliary muscle to contract, together with that taken for the 1m- 
pulses to pass through the necessary nervous mechanism. The time is 
measured by a tuning-fork writing under the magnetic recorder. 

_ This preliminary explanation of the method and its mode of applica- 
tian must now be followed by a more practical one. 

The object to be viewed should be as small as convenient, in order to 
eliminate as far as possible errors arising from the imperfections of the 
ordinary opticians’ lenses which have been used. 

There have been used as objects the (1) red wick of an ignited 
candle, (2) letters and slits cut in a large black screen with a light 
behind them (the glare being prevented by sheets of tissue paper), and 
(3) black letters of small size printed on white tissue paper placed over 
an opening in a large black illuminated screen. This last form of object 
was found to be most useful and convenient, since it is much more easy 
to decide quickly when such an image becomes clear than in the case of 
the candle wick or the slits. It should be mentioned here that the 
determination at the end of the observation of the exact moment at 
which the object becomes clear is one of the difficulties of the method, 
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but the error arising from it is soon minimized by practice, since each 
observer forms for himself a standard of clearness. ee 

The objective used has been an ordinary ophthalmologist’s lens, and 
the oculars were spectacle trial glasses of known focal distance. _ 

The oculars are placed in a grooved brass frame on the end of the 
lever which can be depressed or raised at will. 

By the act of depression the contact is made in an adjustable cup of 
mercury, and the circuit, in which the time-writer is situated, is — 
without loss of time, and vice vers on raising. 

Great care must be exercised to see that the glasses are centred 


- accurately, since otherwise the prismatic action of the ocular is brought | 


into play, and on depressing the lever and removing the ocular from the 
line of vision the image has to be sought in a new direction, and so 
much time is lost, not by the contraction of the ciliary muscle but by the 
contraction of the recti muscles, which are moving the eye in search of 
the object. | 

The head must. be firmly fixed at a given distance from the ocular, 
and has been secured in these experiments with a photographic head- 
rest. 

The time thus taken for accommodation in one and both eyes 
together has been measured, the latter observation being effected by — 
the use of a large reading-glass as an ocular. The reading-glass was 
a double cylinder of about 19cm. focal distance; and although this 
method was therefore quite inapplicable to observations on confirmed | 
astigmatic eyes, still it was readily applicable in cases where the eyes of 
young emmetropic persons were being tested. In this case the large 


_ glass was fixed into the lever 19cm. from the image, and thus replaced 


the ocular ordinarily employed. 

On looking through this glass one image of binocular production 
was visible, and then on depressing the lever and so removing the glass 
from the line of vision two blurred i images were seen, which rushed into 
one another and became one clear image: thus indicating the action 


both of the ciliary muscle and of the internal recti. 


Measurements of distances were made with a common centimetre | 
rule, and as it was clear that total errors of at least ‘5 cm. might readily 
arise with the most careful measurements, in all cases where possible 
the apparatus was kept unchanged for a large number of experiments, 
so that no external conditions whatever were consciously altered; the 
present as well as the former observations made on the rate of accom- 
modation are of relative rather than absolute value, and it is to relative 
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values that I would especially direct attention, since the errors for nearly 
all observations are alike. 

In order to measure the time taken to relax the accommodation the 
reverse experiment is performed. The ocular is first depressed and the 
observer accommodates for the image which is distant 35 cm.; he then 
suddenly elevates the ocular into the line of vision, and, as soon as the 
image becomes clear, again depresses it. The recorded interval between 
the raising and depression of the lever represents the duration of the 
relaxation period together with the time taken for the nervous changes. 

In all cases where one eye was used alone, a large blinker was 
placed over the other eye, which was allowed to remain open; for the 
ordinary practice of shutting the eyelids of one eye and keeping the 
other open was found to alter the result very materially, since there is 
a great tendency to accompany the closing of the lids by contraction 
of the ciliary muscle. It was found that if the eyelids be closed and then 
opened, the accommodation is nearly always completely relaxed. In 
fact, when the writer was estimating his own accommodation velocity, he 
at times found difficulty (especially if fatigued) in relaxing fully in any 
other way. In all cases a definite period was allowed to elapse during 
which the object was looked at prior to the observation being com- 
menced; this varied from 5 to 10 secs. 

The =e? is the method by which the measurements have bees: 
made. 

Determination of the rate of accommodation from far to near. 

To measure the time required to change from infinity to 33°3cm. an 
ocular (+ 4D) whose focal distance is 25 cm. is fixed at 25 cm. from the 
image formed by the objective. The eye of the observer is fixed at 
8cm, from the ocular. Then the ocular is depressed and the image 
thrown out of focus. The time at which the image again becomes clear, 
is then recorded by the lever being raised. In this case the ciliary 
muscle contracts through + 3D, i.e. adds on to the crystalline lens + 3D. 
To measure from near to far, the person accommodates for the image, 
while the ocular is depressed : he then raises the lens into the axis of 
vision, and, as soon as the image is clear, again depresses it to record the 
time when the-act is completed. 

To measure accommodation velocity from infinity to llcem. The 
ocular is a lens (+20D) the focal distance of which is 5 cm. and 
the eye is at 6cm. from ocular. The experiments were conducted 
as before, 

By modifications of oculars and of the distance of the head from the 
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ocular it is possible to measure the accommodation or relaxation sit 
from infinity to any point required and vice versa. 

To measure intermediate distances, for example, from 50 cm. to 16 cm. 
and back, the following plan has been adopted. 

If a negative lens be placed in front of the eye in a spectacle frame, 
and care be taken that the lens is distant from the cornea not more than 
13mm., then it amounts practically to putting that lens within the 
eye, so that if a —2D lens were so placed in front of an eye, that eye 
would be rendered hypermetropic to the extent of 2D. 

Now in order to get distinct vision for objects at an infinite distance 
the ciliary muscle would contract to the extent of 2D, which in the 
emmetropic eye corresponds to a far vision point of 50cm. Hence if 
an eye, with such a lens in front of it be applied to this instrument, all 
observations begin not with a relaxed eye, but with an eye whose far 
vision point is (practically) 50 cm. 

Suppose then that the ocular is a lens (+ 10D) whose focal detencs 


is 10cm., that it be placed at a distance from the real image of 10 cm., 


and that the eye be fixed at a distance of 16°6cm. with this —2D 
lens in front of it:—It then follows that the eye already accommodated 
for 50cm. will have to accommodate, when the ocular is depressed, not 
for 16°6 cm. (+ 6D), as it would if no additional negative glass were 
interposed, but for (6D + 2D) 8D, i.e. 12°5 cm. 

By similar calculations, any other intermediate distance can be 
measured either from far to near, or from near to far. 

For example. The accommodation velocity from 33:3 to 11 cm. 
can be measured, by putting a (— 3D) lens the focal distance of which is 
33'3.cm. in front of the eye, then adjusting an ocular of 10cm. f. dist. 
(+10D), and fixing the head at 66 cm. distance and eect as 
before. 


_ The accommodation velocity of both eyes of four individuals has been 
measured separately ; and of these eight oyes, two pairs have been tried 
separately and together. 

The measurements which follow are given without any deductions 
for the time occupied by the passage of nerve impulses. The observa- 
tions extend over a considerable period of time; to each is attached 
the date at which it was taken, so that any comparisons of varying rates 
in the same individual may be made with measurements taken on the 
same day, and as far as possible under the same circumstances, 

_ The writer desires to remark, apropos of these measurements, that the 
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wearying nature of the repeated efforts to focus soon makes itself 
evident ; and further that a number of accommodations from far to a 
very near point was followed in two cases by nausea and a most 
unpleasant nervous disturbance. 

_ Gross measurements of the accommodation and relaxation of Case 
(A), set. 22, Physiologist. 

: Right eye V = § manifest hypermetropia ‘25D. 
Punctum proximum about 9cm. 


I. Accommodation Velocity. (From Far to Near.) 


Right E Left E Date 
sec. 
Infinity 33 cm. 1°66 as Jan. 9th, 
1°34 1:76 J 10th. 
1:34 2-09} 
1:36 1-97 Jan. 12th. 
1:19 1°33 Jan. 15th. 
98 1:07 Jan. 20th. 
906 Jan. 23rd. 
67 72 Jan. 24th 
75 77 Feb. 4th. 
ae | 72 82 Feb, 7th. 
Infinity 11 cm. 2-26 2°39 Jan. 10th. 
1°73 1-66 Jan. 20th. 
1°62 Jan. 23rd. 
Jan. 24th 
1°58 15 Feb. 4th. 
1°66 15 Feb. 7th. 
33 cm. 11 cm. 114 1:04 Jan. 23rd. 
102 1-06 Feb. 4th. 
| 1:45 1°29 Feb, 7th 
50 cm. 16 cm. -98 Jan. 23rd. 
9 88 Jan. 2Ist. 
93 Jan, 24th, 
+96 82 Feb. 7th. 


II. Relaxation Velocity. (From Near to Far.) 

33 cm, Infinity About ‘7 sec. Varying and difficult to 

measure, since some days the accommodation 

could not be completely relaxed. Relaxa- 

tion velocities for all other distances too 
: | rapid for measurement. 
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_ Measurements of the accommodation velocity of the two eyes, tested 
separately and together. 


From 


Right | Mesin Date. 


1:43 1°36 13 | Feb, 6th. 


Infinity 25 cm. 
1:07 1-095 | 1-06 | Feb, 7th. 


29 
‘| 


1 
112 


distance) 


All measurements given in January are the mean of from 15—22, in 
February from 5—15 observations. 

In this case also at least 4 days’ observations prior to the earliest 
mentioned here have been rejected; being made simply for the purpose 
of practising the eyes. 


From these observations a certain number of points are obvious, 


(1) That a considerable diminution in the time occupied in accom- 
modating occurred as the result of practice, Thus the accommodation 
velocity from infinity to 33 cm. was 1°66 secs (Right Eye) on Jan. 9 and 
steadily diminished to °67 sec., Jan. 24, Since this date it has slightly 
increased, 

(2) That the time oecupied by either eye in accommodating appears 
almost exactly the same as that occupied by the two together. © 


(3) That the results varied somewhat from day to day, and that 
they were usually fairly constant on any one day. 


(4) Thatthe accommodation velocity of the practised right eye and 
the unpractised left were at first different, but ultimately became fairly 
equal, 


(5) That all relaxation periods except that from 33 cm. (approx.) to 
infinity were unmeasureably short though the method employed recorded 
with accuracy periods of time as small as ‘1 sec. 


Gross measurements of the accommodation and relaxation of Case 
(B), Laboratory Assistant. 
Right eye V =§ manifest hypermetropia 1D. 
Punct. prox. about 8 cm. 
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I. Accommodation Velocity. (Far to Near). 


From to Right Eye Left Eye Date 
Infinity | 33cm. 2, Jan. 27th. 
“54 Feb. 7th. 
Infinity 11 cm. 6 Jan. 27th, 

‘72 53 Feb. 4th. 
‘78 ‘79 Feb. 7th. 
33 cm. 11 cm. ‘56 83 Jan. 28th. 
‘56 Feb. 7th, 
50 em. 16 cm. Too rapid for measurement. 


If. Relaxation Velocity. Too rapid for measurement. 
Measurements of Accommodation Velocity of the eyes of (B) examined 
separately and together. 


From to Right Bye | Left Bye | Mean | 
Infinity 25 cm. "68 “64 67 =| Feb. 6th. 


The facts to be gathered from these observations are : 

(1) That the accommodation velocity of this young si 
was exceedingly rapid. 

(2) That he accommodated from 50—16 cm. at a rate that defied 
measurement. 

(3) That the result varied from day to day. 

(4) That his right and left equally practised eyes varied little 
from one another. | 

(5) That the time taken for either eye to accommodate separately 
was the same as that taken by both acting together. 


(6) That it was impossible to measure any of his relaxation periods 
by reason of their rapidity. 


Gross measurements of the accommodation and relaxation Case of 
(C), et. 35. Ophthalmologist. 
Right eye V = ¢ Emmetropia 
left , 
Punct. prox. about 17 cm. 
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From to | RightEye | Left Eye Date 
sec, sec, 
Infinity 33 cm. ‘79 
Infinit 17 cm. 1°57 
60cm. 20 cm. 986 ; 85 
33 cm. | Infinity 


All near to far accommodations, except that noted 33 to ini, too 
rapid for measurement, 


It seems then: 

(1) That‘ the rate of contraction and relaxation of C’s eyes does | 
not differ materially from those of A. 

(2) That, like A, he can estimate the time taken to relax only 
from moderately near to the very far off. : 

All other near to far observations were too rapid for accurate 
measurement, 


Gross measurements of the accommodation velocities of the eyes of 
(D), et. 32. Ophthalmologist. 

Right eye V = § with — 3D glasses, 

Left ”» V=$ ” ” 

Myopia is — 3D with — ‘75D astigmatism left uncorrected. Punct.. 

prox. with glasses about 14 cm. Glasses used during observations. — 


From to Right Eye Left Eye Date 
sec, sec. 
Infinity | 33cm. 1:2 | Jan. 31st. 
15 2°03 Feb. 4th, 
be 13 1:58 Feb. 4th. 
Infinity 15 cm. 1:77 Jan. 31st. 
1:84 2°42 Feb. 4th. 
Infinity | 14cm. 18 2°6 
33 cm, 15 cm. 1°61 Jan. 31st. 
50cm, 20 cm. 15 
33cm. | Infinity 1-08 Jan. 31st. 


All near to far accommodations other than that noted were too rapid for 
measurement. 


From these measurements it follows that 
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(1) The spaces of this myopic ‘sccommodation was very slow 
compared with that of the other eyes. 

(2) The unpractised soe eye accommodated much more slowly 
than the right. 

(3) As in the case of C and of A all near to far measurements 
except the moderately near to very far, of which 33 cm. to es is 
the type, are too ee ~~ measurement. 


General Considerations. 


_ The exact details of the method by which accommodation i is effected 
are hardly yet clear ; thus the respective parts played by the radial fibres 
of the ciliary muscle and by the so called circular muscle of Miiller do 
not seem to have been determined. And since the mere mechanical part 
of accommodation is so very complex, quite apart from the complexities 
of innervation, it is obvious that conclusions as to the rate of any of 
the acts included in accommodation can only be tentative, It is not the 
purpose of the writer to enter into any discussion on this point, or 
yet on the mode of relaxation, ~~ 
The first point of interest in relation to these measurements is 
the reduction in accommodation velocity effected by practice. It will 
be observed that the gross measurements of both the right and left eyes 
of A shew a progressive increase in rate from Jan. 9th, when the velocity 
of the right eye from infinity to 33 cm. was 1°66 secs, and that of the 
left 1°76 secs., to Jan, 24th when it was '67 sec. right and ‘72 sec. left ; 
since this date the rate has altered but slightly. 

Similarly the velocity from infinity to 11 cm. on Jan. 10th was 2°26 
secs, for the right and 2°39 secs. for the left. After the steady practice in 
January it was reduced to an average of about 1°5 secs, for each eye, 
which is the present rate. 

It should be stated here that during the few days prior to Jan. 10th 
the observations were very long and very variable. 

To what, then, is this reduction to be ascribed? Is it a diminution 
of the latent period, an increased rate of contraction of the muscle, or 
increased mobility of the apparatus? Or, is it that the nerve mechanism 
used for setting the accommodation apparatus in motion became better 
educated so as to allow more rapid transit of the impulses? It is pro- 
bable that with short practice the exact period at which the Image 
becomes clear was more quickly determined. 

As to the latent period and ‘rate of contraction of the muscle 
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varying, if they altered from day to day there must i a departure 
from the behaviour commonly attributed to other kinds of muscle — 
tissue ; and as it is only known from analogy that the ciliary muscle has 
a latent period, there is no warrant for assuming that it differs from 
that of other muscles in this important respect. 

If the increased mobility of the apparatus has any influence, it is 
probably inappreciable, since if it were great it would be reasonable to 
assume that the relaxation velocity would alter also. Now as the relaxation 
velocity from extreme tension to complete relaxation is from the first so- 


- short that it cannot be measured, it is evident that the increased mo- 


bility of the. apparatus plays a very slight, if any, part in the reduction 
of the period of accommodation which results from practice. 

It would seem then that the increased facility with which nerve 
impulses are transmitted can alone explain the gradual alteration of 
the measurements effected by practice, 

The variable and lengthy character of the 
to those here recorded, soon rapidly disappears ; this is probably due to 
the fact that the brain becomes educated, and the gradual improvement 
in rate which sets in afterwards is probably due to the slower education, 
of the subordinate nervous mechanism. 

_ The last hypothesis is that the diminution depends on the more 
rapid recognition of the time at which the image becomes clear. As 
mentioned at an earlier part of this communication, this source of fallacy 


is speedily removed by practice, each observer forming for himself as it 


were a standard of clearness. Hence it may be regarded as _— 
influence only | in the first few observations. 


Measurements. 


It has been mentioned that in all these experiments where one eye 
alone was being tested, a blinker was placed over the other eye which 
was then kept open, since the effort of closing the one eye voluntarily 
seemed to alter materially the observations made. The reason for this 
possibly is that some such muscular movements habitually act in associa- 
tion with accommodation and one movement is sufficient to excite the 
other; so that when closing one eyé and measuring the accommodation 
velocity, time is lost in controlling and preventing the associated move- 
ment excited by closing the eye. Now since both eyes were open, it is 
probable that both are accommodated together by reason of their 
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ost association, although the velocity of the movement in one 
only was measured. 

This being so, it ought not to have been a matter of sical dhs 
the accommodation velocity of the two eyes used together was about 
equal to the mean of the results found by testing them separately, for 
on @ priori grounds, such a conclusion would seem probable. Yet: the 
thought suggested itself that the increased definition of the image 
consequent on the production of Binocular Vision would have certainly 
diminished the period of the observation. But experiment enabled one 
to conclude that this increased “ Acuity of Vision” has but slight 
influence on the time taken to form a clear image. A reference to the 
tables given will shew how nearly the mean of the accommodation 
velocity of the two eyes tested separately coincides with that.of the two 
taken together. 

The difference between the accommodation velocities of the two eyes 
is another interesting point. If one eye were very astigmatic one might 
expect that its rate of accommodation would be slower than that of the 
other. However in the instances (A and B) both eyes were of the same 
character, except in so far as one was practised more than the other 
and was so functionally superior. 

It is noteworthy that the accommodation velocity of the eyes ~ 
of B (who had never practised his accommodation for special one 
with either eye) was nearly the same in both eyes. ss 

But in the case of A, who had used his right eye very much more 
than his left, the accommodation velocity was at first very much faster 
in the right than in the left eye, but with practice it became very much 
the same in both eyes. 

Thus an accommodation velocity from infinity to 33 cm. of 


1°66 secs. right, and 1°76 secs. left on Jan 9th, 


1°76 secs. -_ on Jan. 10th, 


and of 1:34 secs. ,, and 2:09 secs, 


became 
‘75 sec. right, ‘ea ‘77 seo, left on ¥ eb. 4th. 
‘72 sec. ,, and "82sec, ,, on Feb. 7th. 
And in some of the other measurements in February the right eye 
accommodation velocity was even slower than that of the left. 
Now in the case of C the velocities in each eye were nearly the 
same, but in D's case the velocity of accommodation in the right eye 
was very much greater than that in the left. 
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Thus on Feb. 4th his accommodation velocity from infinity to 33 cm. 
for the right eye was 1°5 secs. and for the left 2°03 secs., whilst from 
infinity to 11, in the right 1°84 secs., in the left 2°42 secs, was required. 

Whether this difference would as in the case of A disappear by 
practice could not be determined. 

It will be observed that in all cases where comparisons have hoon 
instituted, they have been made between measurements obtained on the 


‘same day, for comparisons made between measurements obtained on 


different days would (except for special purposes) be liable to error. 

Observations taken for purposes of comparison on any one day have 
always been taken, so far as possible, under the same circumstances 
(i.e. with as little alteration of lenses etc, as possible) and very often at 
one sitting. 


Effect of Fatigue. 


The effect of fatigue is well shewn by the observations taken on Jan, 
10th, . After taking some 60 consecutive records, measurements of the 
accommodation velocity of the left eye of A from infinity to 33 cm, 
were commenced, The right had given very uniform results 1°34 secs, 
for two sets of 22 observations each. 

The first 22 with the left gave 1°76 secs. and A then felt very 
fatigued, but the next 22 averaged 2:09 secs., and then the observations 


_ had to be discontinued. 


The exact cause of this fatigue would seem to be the unusual and 
new strain thrown on the subordinate nerve mechanism, which governs 
the ciliary muscle, for it is probable that 100 contractions conducted 
even in rapid succession would not fatigue the muscle itself, which, 
ordinarily in A’s case was daily occupied in n doing much more severe 
work, | 


Age Difference. 
The general difference in the accommodation velocity i in the cases of 
A, B, C, and D is remarkable. 
Thus in n accommodating from infinity to 38 cm., 
B et. 19 years took °5 sec. 
C, 3 , » Bsee, 
D ,. 32 ,, (myope) took 1'3 secs, 
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from infinity to 11 cm., — 


B took ‘7 sec. 


| A ,, secs. 
from infinity to 18 cm., | 
took 1°5 secs. 
from infinity to 14 cm., 
; D took 1°8 secs. 


These measurements though only approximate, are instructive. 

The young hypermetrope was most rapid. Then came the slightly 
older emmetrope, and then with but slight difference, the older emme- 
trope; whilst far the slowest of all, was the middle-aged myope. 2 

These differences might have been expected, but have been neglected 
by previous observers, and require a more comprehensive > une neta 
which will be made by the same method. 

So far as the measurements of the change from far to near are 
concerned the results here arrived at correspond with Vierordt’s careful 
observations on his own left eye. But the next set.of measurement, is 
apparently in direct opposition to those he made, 


Relaxation Velocity. 3 

The exact mode in which moderate degrees of relaxation is effected 
is not quite clear, It may be assumed that in changing from the near 
to the very far, the apparatus is allowed to run down. But what 
happens in changing from a near to a moderately far object, for example 
from 8 to 33cm.? Does the apparatus run down altogether, and then 
re-accommodate up to the required point, or does the muscle relax 
down to 33 cm. where it is then suddenly checked ? 

Now, if the first view were correct, it ought to take longer to relax 
from 11 cm. to 33cm. than from 11cm. to infinity, The writer tried to 
see if this were so, but found in every one of the persons examined, that 
any of these periods were too rapid for measurement. That is they 
were less than ‘1 sec. Possibly something like this complete running down 
may occur in childhood but probably by education the second method 
becomes generally used. By what nervous mechanism the muscle is 
checked at the necessary point is very difficult to understand, for owing 
to the rapidity of the process it cannot well be a central coordination. 

The only relaxation velocity that could be measured in A, C and D, 
is from a moderately near point, say 33cm, to infinity. In B’s eyes 
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all relaxation and some accommodation periods defied measurement by 
reason of their rapidity. 

The important practical oiaing of this relaxation — is the 
lesson it teaches relative to presbyopia. 

If presbyopia were in great measure due to rigidity of the apparatus 
and not to failure of the ciliary muscle, it would be expected, that the 
relaxation periods of C would be fairly long; but, although that from 
33 t6 infinity was somewhat long, all others were too rapid for measure- 
ment, Yet his near point has receded to 18cm. Now this seems to 
negative the view, that rigidity of the passive part of the accommodation 
apparatus plays a large part in the defective accommodation of old 
emmetropic people. 

Tt is interesting to compare the relaxation velocities of the eyes 
of C, D and A from 33cm. to infinity, the only measurement that could 
be recorded. 


Right Eye. Left Eye. 
D Myope 1:58 secs. 


C Emmetrope ‘68 sec. 
A ‘7 sec. | 
That there is some difference in the arrangement of the relaxation 
apparatus in the myopic eye and the emmetropic eye is rendered 


probable by these figures, and it appears also that this relaxation ap- 


paratus differs in the two eyes of the same individual, 

But it is difficult to explain the fact that the relaxation velocity 
from 33 to infinity was easily measurable, whilst that from 11 to infinity 
and from 11cm, to 33cm. was too rapid for measurement—particularly 
in eyes like those of D, which took 1:08 secs. R. 1°58 secs. L., to relax 
through the former distance. One may suppose that the great tension 
of the elastic tissue in near accommodation, causes rapid relaxation. 

It is well known that spasm of the accommodation apparatus, 
‘(Ciliary muscle ?) in hypermetropes of low grade, often simulates a slight 
degree of myopia, and that a negative glass improves their vision. 
The question arises, when these curious relaxation results are considered, 
as to whether the accommodation apparatus under ordinary circumstances 
in emmetropes and hypermetropes is ever completely relaxed. If so, 
why is the result of Retinoscopy so variable, in an eye not paralysed 
with atropine, even if the patient is directed to look at a point 10 metres 
off ? 

Further if the accommodation apparatus were contracted to the 
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extent, say of +°2D, that is the vision point were 500cm. yet the 
most distant objects would be clear to the observer, for such an error 
would not interfere with the definition of the image. Now, when it is” 
remembered how relatively rarely 1 in urban life people look at the more 
distant objects, such as require complete relaxation, it may be conceded 
that this hypothesis of a prevalent “functional myopia” of very low 
grade is a plausible one; and if so these curious relaxation — 
are more easily explainable. 

But of course, even if it took a little time to overcome this spasm of 
the accommodation (and in A it on some days takes several seconds), 
why is it, that relaxation from 11cm. or other very near point to 
infinity is effected with such great rapidity? The most probable 
explanation is that the great tension causes a more complete as well as 
a more rapid relaxation, than that effected in relaxing from 33cm. to 
infinity. This explanation is further borne out, by the fact that relaxa- 
tion velocity from 11cm. to 33cm., or from 16cm. to 50 cm., or from 
11 cm. to 50 cm., has proved in the cases of A, Cand D, too rapid to be 
measured. 

It appears then that whereas Vierordt found the relative duration 
of the accommodation and relaxation periods was about 130 : 100 and 
Aeby gave them as 150 : 100, the present measurements, — in 
some special cases, give a much greater difference. 

Now as Aeby measured such short distances, his observations are 
of limited value from this point of view; and the discrepancy between 
Vierordt’s observations and the writer's may be explained. 

Vierordt’s far point was not an infinite distance, but 1819 cm., 
hence his practised left eye was not completely relaxed when looking at 
the far point, but remained en to the extent of ‘05D at 
least. 

There is, moreover, no information as to the refractive condition 
of his eye, nor of his age—points which might make a great difference; 
so that the contradiction of the near to far observations of Vierordt and 
those on emmetropes recorded here seems to be far more apparent than 
real; and when it is remembered that the far to near observations in 
the main agree, this explanation seems the more probable. But under 
any circumstances the view put forward as to the existence of this 
functional myopia, long recognised by ophthalmologists, is, it seems to 
the writer, entitled to consideration. 
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Rates of contraction oft the Muscle. 


Up to the present, the gross measurements have been given merely 
with a view of comparing the rate of accommodation under varying 
circumstances; and the absolute duration of the local acts of accommo- 
dation has not been discussed. An endeavour will be now made to 
arrive at a more definite conclusion concerning this point. 

_ The measurements herein recorded represent the (1) latent period 
and time of contraction of the ciliary muscle, and (2) the time occupied 
by the activity of the nerve mechanism which controlled it. 

At the end of any observation, the observer makes a record on the 
drum as soon as the image becomes clear, by breaking the galvanic 


circuit with a key. Therefore the time between the end of his accom- | 


modation and the making of the signal is occupied by : 
1. The latent period of the retina. 
2. Passage of an impulse from the retina to the brain. 
3. Cerebral changes. 
4. Passage of impulses to the muscles of the forearm, ‘through 
subordinate nerve mechanism. 
5. Latent period of the muscles. 
The time occupied by the movement of the apparatus may be neglected. 
__. The total time occupied by similar processes, called the ‘‘ Reaction 
period for light,” has been frequently measured under different conditions, 
and whilst varying from time to time, usually averages ‘2 sec. 
__. The writer has measured it in the case of B and of A for the Rent 
forearm. 


In B’s case it averaged °17 sec. 
InAs » "2 sec. 


This is not a very great difference when it is remembered that A’s 
accommodation velocity was very much more rapid than B’s.. This time 
‘2sec. has therefore been assumed to be fairly correct for A, C, D, 
and should therefore be deducted from the observations given. For it 
is evident that if there be any error at all in the case of C and D it 
will be in making the reaction period too small. | 
_ At the beginning of the observation a corresponding correction 
should be made. 
After the ocular is lemceseis the ciliary muscle contracts, but there 
is an interval before this contraction begins, which is occupied by (1) 
the latent period of the retina; (2) the passage of an impulse to the 
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brain; (3) Cerebral changes; (4) the action of the subordinate nerve 
mechanism ; and (5) the latent period of the ciliary muscle. Now the 
latent period of the ciliary muscle can be judged of only by analogy, 
it must be assumed to be —_— equal to that of other non-striated 
muscle, 

What is then the time occupied by this “reaction period” required 
for impulses leaving the retina to return to the ciliary muscle? This 
question, the writer fears, cannot be answered at all satisfactorily. But 
he thinks that he will be well within the mark if he assume that it will 
be at least equal to the reaction period calculated for striated muscle, 
viz, ‘2 sec. 

It is, however, that with epectal practice it very 
much, just as that of striated muscles is said to do also, and that was the 
explanation given at another part of this paper, of the great reduction in 
the duration of accommodation with practice. The relative uniformity 
of the results obtainable after the first few days’ practice being probably 
due to psychical training, the steady daily decrease after this is due to 
the education of the subordinate nerve mechanism. | 

Hence, at least ‘4 sec. must be deducted from the measurements given 
for A, C and D and ‘34sec. for B, in order to arrive at an approximate 
measurement of the duration of contraction of the ciliary muscle; and 
such a result will only be trustwoithy when obtained from observations 
effected after some practice. 

The writer only feels justified in assuming that this reduction cor- 
rects for the reaction period at the end of the observation, and dimi- 
nishes the difference caused by that at the commencement. It might 
be thought that the whole difficulty could be got over by adopting 
Vierordt’s plan of trying to send two impulses from the brain at the 
same moment, one to the recording hand and one to the ciliary muscle, 
but this method has been found in practice to give unreliable results. 

The corrected measurements for the eyes of A, B, C and D follow, 
and represent the duration of the contraction of the ciliary muscle, as 
nearly as it can be arrived at by this method of calculation. ‘lhe amount 
of the reduction, however, is necessarily provisional, and only in the case 
of A and B was it determined by direct examination of their reactiou 
periods. 
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‘Corrected Measurements in the case of A. 
I. Accommodation Velocity. 


Distance 
; Right Eye Left Eye Date 
From | to 
Infinity | 33 em. 1-26 1°36 Jan. 9th. 
94 1°36 
| { 94 1-69} Jan. 10th. 
96 1:57 Jan. 12th. 
‘79 93 Jan. 15th. 
58 67 Jan. 20th. 
506 Jan. 23rd. 
| 27 32 Jan, 24th. 
. 35 37 Feb. 4th. 
32 “42 Feb. 7th. 
Infinity jiem. 1°86 1-99 Jan. 10th. 
1:33 1:22 Jan. 20th. 
1°42 Jan. 23rd. 
71 Jan. 24th. 
1:18 141 Feb. 4th. 
1:22 1-1 Feb, 7th. 
33 om 11 em. 74 64 Jan. 23rd. 
62 66 Feb. 4th. 
: 1-05 89 Feb. 7th. 
50 cm. 16 cm. +58 Jan, 23rd 
5 44 Jan, 21st. 
53 Jan. 24th. 
56 42 Feb. 7th. 
Corrected Measurements in the case of B. 
From to Right Eye | Left Eye Date 
i secs. secs. 
Infinity 33 cm. ‘] ‘16 Jan. 27th. 
16 2 Feb. 7th. 
Infinity 11 cm. 26 Jan. 27th. 
‘38 19 Feb. 4th. 
44 “45 Feb. 7th. 
33 cm 11 em.. 2 ‘19 Jan. 28th. 
2 ‘16 Feb. 7th. 
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67 
Corrected Measurements in the case of C. 
to Right Bye | Left Eye ‘Date 
’ 17-18 em. | 117 1-18 
18-19 cm. 108 =| 1-08 Feb. 3rd. 
50om. | 20em | 586 | = “45 | 
33m. | Infinity 28 


All other Relaxation Velocities too rapid for measurement. 
Corrected Measurements in the case of D. 


From | to | RightEye | Left Eye Date 
secs. 
Infinity | 33m. 82 ‘Jan. 3lst. 
1-63 Feb. 4th. 
118 Feb. 4th. 
Infinity 14 cm. 1*4 Feb, 4th. 
Infinity | 15cm. Jan. 31st. 
1-44 202 Feb. 4th. 
33cm. {| Llidcm. | 1-21 | Feb. 4th. 
50cm. | 20cm. Jan. 31st. 
33cm. | Infinity 68 | | Jan. 31st. 
Mean Resutrs. 
In the case of A. 
From to Right Eye | Left Eye 
Infinity 33 cm ‘691 secs.| ‘96 secs. 
33cm. Ill em. . 
50cm. | 16cm. 4, 
In the case of B. 
Infinity | | 135 , | , 
33 cm. 11 cm. 2 
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Rates at Different parts of the Range. 


The velocity of active accommodation seems to be the same for 
equal distances at any part of the range. 

Thus on Feb. 4 in case of A, the time occupied in accommodating 
from infinity to 33 cm. (35sec. R. and °37 sec. L.), together with that 
occupied from 33 cm. to 11 cm. (62sec. R. and °66 sec. L.) amounts 
to ‘97 sec. R. and 1:03 secs. L., and nearly equals the time taken to ac- 
commodate through the whole distance infinity to 11 cm., viz. 1°18 secs. 
R. and 1°1 secs. L. 


Again on Feb. 7, 
The accommodation period from infinity to 33cm. was ‘32sec. R. 


and ‘42 sec.L. This with the duration of accommodation from 33 cm. 
to 11 cm., viz. 1°05 secs. R. and ‘89sec. L., together amount to 1°37 secs. 
R. and 1°31 secs. L., whilst the period occupied in accommodating for 
the whole distance from infinity to 11 cm. was 1:22 secs. R. and 1:1 secs. L. 

Again on Jan. 23rd, 

Infinity to 33 cm. required ‘506 sec. R., which together with 14 sec. R., 
time required for the change from 33 cm. to 11 cm., = 1246 secs., whilst 
that of whole distance was 1°42 secs. R. 

Hence it will be seen that the difference in any case is less than 
‘2 sec. and being variable in both directions may ronsonenty be ascribed 
to defective measurement. 

In the case of B, 
On Feb. 7th the period of accommodation from infinity to 33 cm. 

was ‘16 sec. R. and ‘2 sec. L., which together with that from 33cm. to 
ll cm. viz. ‘2sec. R. and 16sec. L., is *36 sec. R. and ‘36 sec. L., whilst 
the whole distance took *44 sec. R. and °45 sec. L. 

The observation of the same character on the eye of D gives a dis- 
cordant result, but its isolated character and the peculiarities of D’s eye 
render the observation untrustworthy. 

The results of these measurements shew that the duration of accom- 
modation from infinity to 33cm. and from 33cm. to 11 cm. together 
very nearly equal that from infinity to 1lcm. But it will be seen that 
any comparison of this sort depends for its value on the accurate de- 
termination of the reaction periods, 

Since, if the reaction periods be x for the ciliary muscle, and y for 
the hand muscle, and the contraction period say ‘5 sec. for accommoda- 
tion from infinity to 33 cm. and.°7 sec. from 33 cm. to 11 cm. 
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_ Then these together are 
1:2 secs. + 2a + 2y. 

Now assuming the duration of the contraction from infinity to 11. om. 
to be 1:2secs. the accommodation would take 1°2 secs.+a+y. In 
other words in the first case the reaction delay appears twice in the 
calculation. | 

This objection applies equally to the observations made by anyone, 
and the writer is very loth to place much value on conclusions based 
on the corrected measurements. 


It was suggested that possibly the accommodation velocity from a 
moderately far to a moderately near distance might be relatively rapid, 
and measurements have been made accordingly from 50 cm. to 16 cm. in 
the case of A and B, and from 50 cm. to 20cm. in the case of C and D. 

The range to be travelled over in accommodating 

from infinity to 33°3 cm. is 3 D, 
from 50cm. to 20 cm. is 3 D, 
and from 50cm. to 16 cm. is 4 D. 


Although the distance to be traversed from 50cm. to 16 cm. is 
greater than that from infinity to 333 cm., still the two sets of mea- 
surements will bear comparison. 

In A, 50cm. to 16 cm. acc. vel. was 

on Feb. 7th, ‘56sec. R. and °42 sec. L., 
on Jan. 23rd, ‘58 sec. R. 
From infinity to 33-3cm. 
on Feb, 7th, ‘32sec. R., °42 sec. L., 
on Jan. 23rd, ‘506 sec. R. 


In the case B duration of accommodation from 50cm. to 16 cm. 
was too rapid to be measured, i.e. less than ‘1sec. reduced, and less 
than ‘5 sec. gross measurement. But that from infinity to 33 cm. varied 
from *] sec. to *‘2sec., so that though a difference does occur in this 
case it is not marked enough to establish any conclusion. 

In the case of C accommodation from 

infinity to 33 cm. took 39 sec., 
and from 50cm. to20cm. ,, ‘5 and ‘6 secs. 
In the case of D accommodation from 
infinity to 33 cm. took ‘82 sec. 
and from 50cm. to 20cm. ,, 1'lsecs. 


The sum then of these observations tends to the rejection of the 
supposition that accommodation from moderately far to moderately near 
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is more rapid than accommodation in the more extreme part of the 
range ; and it is the writer's opinion that the ciliary muscle contracts at 
very much the same rate through equal distances in any part of its range, 
e.g. the accommodation velocity from 16°6 cm. to 11 cm. (3 D) is much 
the same as that from infinity to 33°3cm. (3 D). 


Generat, ConcLustoNs. | 
The conclusions which are to be deduced from these observations 
seem to be that 
(1) The accommodation apparatus acts with varying degrees of 
rapidity according to different circumstances, the principal of which 
are 
(a) Age. | 
(b) Lesions of refraction. 
(c) Practice (?) 
(d) Individual characteristics. 
(ec) Time of day. 
(f) Fatigue. | 
(2) Relaxation occurs with very much greater rapidity than active 
accommodation. 


(3) That, with two eyes of much the same refractive character, the. 
accommodation velocity of either measured separately is about the same 
as that of the two acting in concert. 

(4) That in the present state of knowledge no absolute data can be 
given as to the time occupied by the action of the local mechanism for 
‘any given distance. 


Vy 
0 
Pa 
ag 
¥ 
ag 
2 


ON THE PHYSIOLOGY OF THE SALIVARY SECRETION. 
By J. N. LANGLEY, MA, F.RS., Fellow and Lecturer of 


Trinity College, Cambridge. 


. Part III'. The ‘ Paralytic’ Secretion of Saliva. 


Claude Bernard’ was the first to show that when the chorda 
tympani nerve is cut in the dog, there follows a slow continuous 
secretion of saliva from the sub-maxillary gland. This secretion is 
usually called the ‘ paralytic’ secretion. It is accompanied by a gradual 
diminution in the size of the gland. Bernard’s account was in the 
- main confirmed by Bidder and by Heidenhain’, the sstenad of whom 
added considerably to the facts previously known. 

The cause of the secretion remains still unexplained. Several years | 
ago, chiefly in 1877, I made some experiments upon the effects of 
section both of the chorda tympani and of the sympathetic nerve in the 
dog, cat and rabbit, nowy the physiological and histological changes 
whieh followed, 

These experiments led me to believe that the paralytic secretion is 
proximately brought about by an increased irritability of certain nerve- 
cells in the cerebro-spinal system, ie. of a central secretory centre ; and 
of certain nerve-cells in the gland itself, ie. of a peripheral secretory 
centre. Work of other kinds prevented my carrying out the experiments— 
especially those relating to the effects of cutting the sympathetic nerve— 
so completely as I had purposed, but I publish them now, since within 
certain limits they are fairly complete, and since they suggest some 
interesting points with regard to the nature: of secretory nerves,—a 
subject which I propose to discuss in a subsequent paper. | 

I shall for convenience consider successively and as far as possible 
separately :—the physiological effects of section of the chorda tympani 


1 Parts I., Il. Journal of Physiology. Vol. 1., pp. 96 and 339 resp. 1878, 
2 Claude Bernard, Journ. de Anat. et de la Physiol. YVol.1., p. 507, 1864, 
* Heidenhain. Studien des physiol. Instituts zu Breslau. Hf. 1v., p. 73, 1868. 
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nerve; the histvlogical changes occurring on section of the chorda 
tympani; the effects of section of the sympathetic nerve; suggestions as 
to the nature of secretory nerves. 


The physiological effects of section of the chorda tympani nerve. — 


The following experiment shows some of the chief points observable 
in the sub-maxillary gland of a cat three days after section of the chorda 


EXPERIMENT I. 
Three days’ section of Chorda Tympani. 


Chloroform given, Removed } inch chorda tympani on /eft side. Three 
days afterwards, give morphia. 

12.5, Cannula tied in /eft sub-maxillary duct. 

1.0. Cannula left side filled with watery saliva ; empty it. Cannula tied 
in right sub-maxillary duct, 

1.7. Left side, cannula filled ; nearly as much in right cannula; empty 
both. | 

1.14. Left side, cannula filled; right cannula 3 full. Empty left cannula. 
Tracheotomy. Produce apnea by quick artificial respiration, no rise of saliva 
in either cannula during 4 min, ; stop artificial respiration and clamp tube 


from trachea, so producing pista op in about 1 min. rapid rise of saliva in 


both cannule. 

1.19. Both cannule nearly full—empty both. 

1,20. Produce apnea; hardly a trace of saliva during 4 min. ; produce 
dyspnoea, saliva secreted as before. Left cannula ? full in 1} min. ; right 
cannula rather less, 

Dissected out left sympathetic nerve in neck just below Ist cervical 
ganglion. 

1.39. Stimulate left sympathetic ; in few seconds rapid secretion left side, 
overflows cannula, saliva watery. Empty both cannule. 

1.42. Stimulate sympathetic, sec. coil at 12, for 10”; left cannula filled, 
empty it; right cannula about } full. 

1.44, Stimulate sympatheti, sec. coil at 15, for 10” ; left cannula filled, 
empty it; right cannula, saliva risen to }. 

1.47, Stimulate sympathetic, sec, coil at 17, for WT"; left cannula filled, 
right nearly full, empty both. 

1.49, Stimulate sympathetic, sec. coil at 23, for 20”; left cannula filled, 
empty it. 

1.51. Stimulate sympathetic, sec. coil at 30, for 36”; left cannula filled, 
empty it. 
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1. 53. Stimulate sympathetic, sec. coil at 37, for 48”; left cannula ni 
rise of saliva ; right cannula by this time nearly full, empty it. 

1.56. Stimulate sympathetic, sec. coil at 11, for 8”; left cannula filled ; 
on right side is slight rise saliva after stimulation ended. 

Repeat, apparently slight effect on right side. All saliva hitherto obtained 
is watery. 

2.3. Cut across left tympanico-lingual nerve, and stimulate peripheral 
end—no effect. 

- Stimulate left duct close to gland, rapid secretion, saliva viscid, draws out 

into threads 3 to 5 inches long. 

Repeat stimulation of sympathetic and of duct—result like that previously 
obtained. 

Dissect out nerve bundles going from Ast cervical tile to external 
carotid artery, on left side. 

2.30. Cut most nerve fibres going from ganglion to external carotid 
artery. 
Stimulate sympathetic in neck, sec. coil 11, for 60”; a slight secretion 
follows on both sides. 

Produce dyspnoea ; flow of saliva markedly increased on right side, very 
little effect on left side. ; 

2.34. Repeat—same result. : 

2.40. Cut right chorda tympani nerve. 


Produce dyspnea. Rather less rapid flow of saliva on right side, little 
or none on left side. 


2.45. Cut right sympathetic nerve in neck. 

Produce dyspna@a (almost asphyxia) ; little or no effect on flow of saliva. 

Repeat, previously producing apneea ; little or no effect. 

2.50. Stimulation of left duct and of right chorda readily causes secretion 
of viscid saliva on left and right side respectively. 

Inject sub-cutaneously a little pilocarpin nitrate; in about a minute a 
rapid secretion of viscid saliva takes place on both sides. 

From the above experiment it is seen that three days after section 
of the chorda tympani there is a continuous secretion of watery saliva 
from both sub-maxillary glands, the secretion being more rapid on the 
side with the nerve cut than on the side with the nerve intact. That a 
continuous secretion takes place from both sub-maxillary glands on 
section of one chorda tympani was first observed by Heidenhain’. 
He says of it, “ Diese Sympathie beider Driisen ist vorliufig ein vdllig 
unldsbares Rathsel*.” 


1 Heidenhain, Studien des physiol. Instituts zu Breslau. Hf. rv., p. 82, 1868. 
2 Heidenhain. “Physiol. der Absonderungsvorgiinge.” Hermann’s Hdb. Bad. v. 
p. 89. 1880. | | 
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Since we call the secretion taking place on the side on which the 
nerve is cut the paralytic secretion, we may call the secretion which is, 
by the same lesion, set up on the opposite side of the body, the 
anti-paralytic or more briefly the antilytie secretion’. It is also seen 
from the experiment that apnea stops almost or entirely both the 
paralytic and the antilytic secretion, and that dyspnea 
increases very considerably the rate of flow in both cases. 
And just as the rate of flow of the paralytic secretion is greater than 
the rate of flow of the antilytic secretion, so the increase in rate brought 
about by dyspneea is greater on the side with the chorda tympani cut, 
than on the side with the chorda tympani uncut. | 

Further it is seen that on the side with the chorda tympani cut, 
section of the majority of the sympathetic fibres on the external carotid 
artery, i.e. of the sympathetic nerve fibres running to the gland, stops 


the paralytic secretion during the remainder of the experiment and 


prevents dyspnoea from giving rise to more than a very slight secretion. 
Hence in this case—the chorda tympani having been cut three 
days previously—both the paralytic secretion, and the secre- 


_ tion following dyspnea, are caused by stimuli travelling down 


the sympathetic fibres. | 

On the uninjured side the effects ‘rinaidlatale following nerve- 
section are noteworthy. Section of the chorda tympani diminishes, 
although not very greatly, the dyspnoea secretion; and section of the 
sympathetic nerve in the neck almost completely iwevents a secretion 
from following on dyspnea. Hence then, with the chorda tympani 
cut three days previously, the antilytic secretion and the 
dyspnea secretion of the same side are caused by stimuli 
travelling partly down the chorda tympani, but chiefly down 
the sympathetic nerve, That the dyspnosa secretion was stopped 
to so great an extent, by section of the sympathetic in the neck, is I 
think abnormal, since some secretory fibres, usually if not always, 
pass to the sub-maxillary gland through the Ist cervical ganglion 
without running up the neck in the trunk of the sympathetic (cf. p. 87). 
Heidenhain* found in the dog that stimulation of the sympathetic 
quickened the paralytic secretion but did not alter its nature, so that 


1 I am indebted to the kindness and to the ingenuity of Mr Verrall of Trinity College 
for the word ‘antilytic’ as well as for the words ‘oxyntic’ and ‘mesostate’ which I have 
used in previous papers. ~ 

If, as I attempt to show, the antilytic secretion is of neura’ origin, it eomes into a 
not uncommon class of phenomena which might conveniently be called anti-neural. 

2 Heidenhain. Studien des physiol. Instituts zu Breslau. Hf. 1v., p. 78. 1868. 
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the sympathetic saliva had lost its normal thick character and had 
become watery. I am inclined to attribute this result to a stimulation 
of vaso-motor and not of secretory nerves, the more venous blood acting 
in this case as a stimulus to the peripheral nerve-centre (cf. p. 81 et seq.). 
For in one experiment made on a dog to test this, I found that 9 days 
after section of chorda tympani, stimulation of the sympathetic caused 
a secretion of a jelly-like mass even less watery than normal, And it 
is in harmony with this view that in the cat after the chorda has been 
cut, the secretion obtained either by stimulating the undegenerated 
uerve-fibres on the duct, or by pilocarpin’ is more viscid than normal. 

Heidenhain’ also found that in the dog whilst stimulation of the 
sympathetic increases for a time the paralytic secretion, the secretion — 
soon stops, and the secretory power of the gland seems to be for a 
considerable time annulled.. This is not the case in the cat; between 
the pauses of stimulation of the sympathetic the slow paralytic secretion 
still creeps on; and the gland responds to quickly repeated stimulation 
of the sympathetic nerve very much as it does in a normal gland. It 
seems to me probable that in the dog the abolition of secretory power 
in the gland is only apparent and that it is caused by the very thick 
secretion, resulting from stimulation of the sympathetic nerve, plugging 
up the ducts for a time. This not infrequently occurs in the normal. 
gland on sympathetic stimulation, its occurrence being shown by the 
swelling up of the gland and the presence of a mucous fluid between 
the lobules, 

That no chorda tympani fibres were left intact on the left side is 
shown by the absence of effect on stimulating the tympanico-lingual 
nerve above the point where it gives off the chorda; but it will be 
noticed that the chorda tympani fibres close to the gland had not 
degenerated, since stimulation of the duct with its surrounding tissue 
close to the gland caused a rapid secretion of viscid saliva. This 
confirms Heidenhain’s observation that the paralytic secretion begins 
before the peripheral ends of the cut chorda tympani fibres have 
degenerated (cf. also Experiment II.). Claude Bernard considered 
that the chorda tympani degenerated before the paralytic secretiom 
began. 

There is one somewhat puzzling point to mention ; stimulation of the left 
sympathetic—the side with cut chorda—appeared to quicken slightly the 


1 This was noticed by Vulpian. Comptes Rendus, T. 87. 1878, 
* Heidenhain. “Physiologie der Absonderungsvorgiinge.” Hermann’s Hdb. Bad. v., 
Th, 1. P. 88. 1880. 
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secretion of the opposite side. This seemed to be the case also in another 
instance in which the chorda tympani had been cut thirty-nine days. If 
there is any causal connection between the stimulation of the left sympathetic 
and the slightly more rapid secretion on the right side, I can only imagine 
that the secretion was produced reflexly cain some sensory fibres in the sympa- 
thetic. 


Experiment II. | 
Thirteen days’ section of Chorda Tympani. 
Cat. Give chloroform. Remove about } inch of /eft chorda. In thirteen 
days give morphia. Tracheotomy, cannula in each duct. There is a slow rise 
of saliva in left cannula. Dyspnoea for 1 min. causes a quickening of the flow 
on left side, very slight effect on the right side. 

1.3. Place two small crystals of tartaric acid on the tongue. In a minute 
or so there is a rapid secretion of watery saliva on the right side, the can- 
nula being filled several times a minute ; on the left side, no increase in rate 
of flow. 

1,10. Cut right chorda, secretion stops on right side almost immediately ; 
produce slight dyspnea, a slight secretion occurs on the left side, none on the 

right. 
1.15. Stimulate peripheral end of right chorda ; sec. coil at 12; a viscid 
secretion follows, Repeat, same result. 

1.27. Give chloroform until respiration shallow ; produce dyspnea—no 
flow saliva on either side. — 

Keep up artificial respiration to get rid of excess of chloroform. 

1.43, Produce dyspnea; on left side little secretion during dyspnea, 
rises to # cannula afterwards ; no secretion on right side. 

Repeat—same result. 

Clamping left carotid for 1 min. produces no secretion. 

1.53. Out left sympathetic in neck ; dyspnea — flow of saliva on 
left side as before. 

2.2. Again give chloroform ; dyspnea causes very little flow on left side, 
none on right side. 

2.7. Stimulate left sympathetic, sec. coil at 12; watery secretion follows 
at once, 

2.20. Repeat—same result. 

2.23. Dyspnea for 1 min.; 4 cannula Soe on left side, little more after 
clamp removed from trachea tube. 

2.25. Dyspnea for 1} min. ; slight secretion during dyspncea, more after- 
wards (left side). 


2.29, Cut most nerve fibres running from left superior cervical ganglion 
to external carotid artery. 
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Stimulate left sympathetic in neck ; very little secretion. 

Dyspneea for 1 min.; fairly rapid Sow saliva on left side. 

Cut through left Spmmpanleotingaal nerve and stimulate peripheral end; no 
effect. 

Stimulate left sub-maxillary duct close to gland ; secretion saliva follows, 
flow less rapid and less viscid than normal. 

2.45. Removed left superior cervical ganglion. 

Dyspnea 1} min.; still flow saliva on left side. 

3.2. Repeat dyspnea ; same result, no effect right side. 

Stimulate peripheral end right chorda ; at once secretion. 

3.11. Dyspnea ; secretion on left side, most after end dyspnea when 
respiration re-established. 

Inject little pilocarpin sub-cutaneously; rapid secretion from both sides ; 
saliva markedly — 


The above elite is given to show chiefly that when the 
paralytic secretion has gone on for some days, both it and 
the dyspnea secretion are unaffected, or only slightly 
affected, by section of the remaining nerve fibres running 
to the gland; but that nevertheless both are stopped by a 

_ large dose of chloroform. So also in a dog—nine days after section — 
of the chorda tympani—the paralytic secretion was stopped by a large 
dose of morphia. 

From Experiment I. we have seen that the paralytic secretion in its 
early stage is due to nervous impulses sent to the gland-cells from the 
central secretory centre; from Experiment II. it follows that in the 
later stages of the paralytic secretion, the cause of the 
secretion is in the gland itself; for the secretion is not stopped 
by cutting the remaining nerve fibres connecting it with the central 
nervous system. The time taken by the central secretory centre to 
recover its normal state so that it ceases to take any part in producing 
the paralytic secretion probably varies in different cases; it cannot be 
ascertained very accurately since it depends upon the condition of the 
blood in the capillaries of the secretory centre. In experiments such as 
these the time found is less than the real time, since anesthetics 
diminish the irritability of the central nerve-cells. So also the time 
after section of the chorda tympani at which the local changes in the 
gland become effective to produce the paralytic secretion varies; for in 
one other experiment on a cat three days after section of the chorda 
tympani, the paralytic secretion was made slower only, and was not 
stopped by cutting the sympathetic fibres running to the gland, 
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That the local change is one in a local nerve oe not in the 
— gland-cells I shall endeavour to show later. 

It will be noticed that in this experiment there was little if any 
secretion by “sympathy” on the part of the gland with intact nerves ; 
and that very little secretion was caused on this side by dyspnea, and 
none after the chorda tympani was cut. It is possible that the morphia 
given, by diminishing the irritability of the central secretory centre, had 
something to do with this; but it could hardly have been an important 
factor, since the secretory centre was easily set in action by stimulating 
the mucous membrane of the mouth with tartaric acid. Hence we may 
conclude that when the chorda is cut on one side, the modifications 
which take place in the secretory centre and in the gland of the 
opposite side, as far as they lead to a continuous secretion or to an 
increased secretion in dyspnoea, may almost or entirely disappear in 
thirteen days. That the recovery does not necessarily take place so 
quickly is shown by Experiment III., in which dyspnoea caused a fairly 
rapid secretion of saliva from the sub-maxillary gland, forty-two days 
after section of the chorda tympani of the opposite side. 

This experiment further shows that the chorda tympani fibres close 


to the gland had only partially degenerated in thirteen days after 
section of the chorda. 


Exeertment IIT. 
Forty-two days’ section of Chorda Tympani. 

Cat. Chloroform given. 4 inch chorda tympani nerve removed on left 
side. 

In forty-two days chloroform and morphia given. Tracheotomy, cannula 
placed in right duct. 

11.16. ‘Cannula placed in left 

11,24. A trace of saliva in left cannula. 

11.25. Produce dyspnoea by clamping tube in trachea; in 1 min. a rapid 
secretion begins on both sides. On producing apnoea by artificial respiration 
secretion stops. 

11.30. No further secretion has taken place. 

11.33. Produce dyspnea (14 min.); towards end, rapid secretion both 
sides, saliva very watery ; artificial respiration until 11.36 when secretion 


11.40. No further secretion has taken place. Put a few crystals of 
tartaric acid on the tongue. Rapid secretion of fairly watery saliva on right 
side, until 
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11.58, when right chonda almost instant- 
aneously. 

12.1, Since 11.40 the saliva has risen about 1}¢.m. in eft cannula. 

12.3. Produce dyspnwa (1} min.). In ? min. the secretion starts on the 
left side; in 1 min. on the right side; the flow on the left side is more rapid 
than on the right and continues longer. 

12.11. Repeat; same result. 

Stimulate right chorda ; rapid secretion, slightly viscid. 

Dissect out sympathetic in neck on left side, ligature and cut it. 

12.25. Stimulate left sympathetic ; fairly rapid flow saliva. 

12.29. Stimulate central (lower) end of left sympathetic ; no effect. 

12.37. Dyspnoea (1 min.); at end, flow 1} cannula saliva on left side ; 
right not observed. 

12.40. Cut through left superior cervical ganglion centrally of nerves 
running from it to the carotid artery. 

12.42, Produce dyspnoea (14 min.); secretion sti 1 cannula saliva on 
left side ; less on right side. 

Stimulation of sympathetic on external carotid still produces a fairly rapid 
secretion. 

1.25,. Dissect out tympanico-lingual nerve on left side, ligature and cut 
centrally of all branches, stimulate peripheral end with induction shocks vary- 
ing from weak to very strong; no secretion. : 

Stimulate the duct of left sub-maxillary gland close to the gland with sicong 
current: a slight watery secretion follows. 

1.36. Stimulate duct with moderately strong current; no secretion. 
Stimulation of sympathetic gives secretion at once. 

1.40. Dyspnoea (3 min.); result as before but comes after longer interval 
and less in amount. 

1.55. Inject little pilocarpin nitrate sub-cutaneously ; secretion on both 
_ sides, plentiful on right, rather scanty ‘on left, both markedly viscid, left rather 
most, 

On dissection find sub-maxillary and sub-lingual glands on the left side to 
be scarcely half the size of those on the right side. 


Tn this case forty-two days after section of the chorda tympani, there 
was a very slow secretion on the injured side, but none on the sound 
side. On both sides dyspncea produces a rapid ‘secretion, that on the 
sound side being diminished by section of the chorda tympani on that 
side. On the injured side stimulation of the sympathetic still produces 
a secretion of saliva; section of the sympathetic in the neck, and of the 
rami communicantes of the superior cervical ganglion, does not prevent 
dyspnoea from producing a secretion. 
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_ By this time the peripheral end of the chorda tympani in its course 
on the duct had without much doubt degenerated, for the slight watery 
secretion obtained by strong stimulation of the duct close to the gland 
was probably due to an escape of current to the sympathetic fibres on 
the adjacent artery. Possibly however it was due to the secretory fibres 
degenerating later than the trophic fibres (cf. Expt. II.). Nevertheless 
pilocarpin still causes a flow of viscid saliva. 

We have seen that after section of either chorda tympani nerve, the 
secretory centre in the central nervous system becomes changed in such 
a way that it continuously sends out nervous impulses tending to 
produce a flow of saliva from both sub-maxillary glands. Thus the 
explanation of the curious fact that section of the chorda tympani nerve 
on one side causes a continuous secretion from the sub-maxillary gland 
of the opposite side is to be sought in the central nervous system. 

Since, after section of the chorda tympani, dyspnoea causes @ 
secretion from both glands to a degree never seen in the normal 
condition’; it follows that the secretory centre is much more irritable 
than normal. Further, since the centre can be set in activity by 
increasing the venosity-of the blood, and the saliva so produced has the 
same watery character as the saliva which is continuously being secreted ; 
and since again the otherwise continuous secretion ceases on making | 
the blood more arterial, it is I think in a high degree probable that the 
abnormally irritable secretory centre is set in activity by the blood 
passing through it, ie. when one chorda tympani is cut the 
central secretory centre increases so much in irritability that 
the blood supplied to it serves as an effective stimulus, and 
consequently the nerve-centre sends out impulses which cause 
the antilytic secretion and the paralytic secretion in its first 
stage. 

Judging from the snalony of the respiratory centre and from the 
effect of apnoea, we may fairly conclude that it is the amount of oxygen 
present in the blood which determines whether the nerve-centre is 
stimulated or not; when the oxygen in the blood is above a certain 
amount, greater than that present in the capillary blood of the centre 
during normal respiration, the centre is not stimulated; below this 
amount the centre is stimulated with an intensity inversely propor- 
tional to the amount of oxygen. 


1 In these experiments the secretion was rapid as soon as the respiratory movements 
became deep; in a normal animal in a corresponding stage of anesthesia the flow of saliva 
is usually absent, and is at most slight, until the beginning of the stage of expiratory 
convulsions. 
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The cause of the increased irritability of the nerve- cells is not 
obvious. It might possibly be due to nervous impulses set up at the’ 
cut end of the nerve, but if this were the case with regard to the central 
nerve-cells we should expect that stimulation of the central end of one 
chorda tympani would cause the dyspnoea secretion to appear more 
readily from the gland of the opposite side; such an effect I have not 
been able to observe. I am inclined to connect the increase of irrita- 
bility with a disturbance of nutritional condition brought about by 
section of the nerve. Since the nerve-fibres are practically processes of 
the nerve-cells it seems to me unlikely that section of the former 
should leave the latter unaffected. This point however I must leave 
for further i inquiry. 

The increase in irritability of the central secretory centre explains a 
small part only of the phenomena which follow section of the chorda 
tympani, it explains why a secretion takes place from the gland of the 
opposite side of the body, but it leaves unexplained the paralytic : 
secretion except, in its very earliest stage. The paralytic secretion in 
its later stages, is caused chiefly or entirely, by a change in the gland 
itself, Heidenhain who observed this, discusses the question whether 
the change is one primarily affecting the nerve-cells of the gland, nerve- 
cells being present in considerable number, or whether the change is 
one affecting directly the glandular tissue. 

Heidenhain considered the latter to be more probable for two 
reasons. It seemed to him unlikely that if the nerve-cells were 
capable of producing: a continuous secretion, they should show in the 
- normal condition no sign of being able to do so, Since however we 
have seen that the central nerve-cells, which in the normal condition do 
not produce a continuous secretion, do so for a time ‘after section of 
the chorda tympani, there is no reason why a similar change should 
not take place in peripheral nerve-cells; the line of argument indeed is, 
as far as it goes, in favour of peripheral nerve-cells being affected. 
He found also, that ligature of Wharton’s duct for eighteento twenty- 
four hours caused a continuous secretion of watery saliva from the sub- 
maxillary gland ; this he attributed to a direct action on the gland cells 
of the stagnant saliva in the lumina and ducts of the gland ; and he was 
inclined to attribute the paralytic secretion to the same cause, for on 
section of the chorda a small amount of saliva would probably remain 
in the Jumina and ducts of the gland until washed out by the paralytic 
secretion. 

But the conditions of the experiment differ in one important point 
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from those present after section of the secretory nerve. When the duct 
is ligatured, a reflex secretion of saliva occurs at intervals, and the total 
amount secreted during -eighteen to twenty-four hours cannot be 
inconsiderable. The greater part of this saliva is forced out of the 
lumina and ducts into the connective tissue spaces between the 
glandular tissue. That this occurs is readily seen by clamping 
Wharton's duct and then stimulating the chorda tympani, the gland — 
swells up and becomes hard to the touch, and on cutting through the 
capsule of the gland, the connective tissue between the lobules is 
found to be pervaded with an extremely mucous fluid. Thus in the 
experiment of ligaturing Wharton’s duct, the nerve-cells as well as the 
other tissues in the gland are bathed in viscid saliva, and there is 
nothing to show that the secretion which begins in course of time does 
not arise from a gradual alteration in the nerve-cells, brought about by 
the unusual medium in which they are placed. But even if it could be 
shown that here the secretion arises from a direct action on the gland. 
cells, it would go very little way to show, that when the chorda tympani : 
is cut the gland-cells are directly affected by the stagnant saliva, for in 
the one case the saliva is pressed with considerable force against and 
between the gland-cells, whilst in the other the saliva is simply in 
contact with the cells where they bound the lumina. 

Further on the supposition that the stagnant saliva stimulates the 

gland-cells, there is great difficulty in explaining the long duration of 
_ the secretion ; for as soon as the stimulus is sufficient to cause a flow of 
saliva the previously stagnant saliva is washed out, i.e. the stimulus is 
removed ; nevertheless the secretion continues for one to two months. 
_; On the other hand there is I think fairly satisfactory evidence that 
peripheral nerve-cells are connected with the chorda tympani, We 
have seen that thirteen days after the chorda tympani has been cut; 
stimulation of its cut peripheral end lying upon the duct of the gland 
still produces a flow of saliva. Thus, the irritability of the peripheral 
end of the nerve—irrespective of the nerve-endings—continues two to 
three weeks after the nerve has been cut. 

But when a motor nerve to a skeletal muscle is cut, the irritability 
of the peripheral end of the nerve disappears in two to three days. 
What then is the cause of the difference between the efferent secretory 
fibres and the efferent motor fibres? On the course of the former many 
nerve-cells are found, on the course of the latter they are not; it is 
I think a legitimate conclusion that the degeneration of the chorda 
tympani fibres is so long delayed because they are connected with 
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peripheral nerve-cells. This conclusion is strengthened by the fact that 
when the sciatic is cut in a cat the secretory nerve-fibres of the sweat- 
glands of the foot lose their irritability in two to three days’, so that it 
is not a special property of secretory nerves to degenerate atid — 
‘severed from the central nervous system. 


- Vulpian* has already suggested that peripheral seiritesile delay the 
degeneration of the secretory nerve-endings in the sub-maxillary gland. He 
observed in the dog that pilocarpin causes a secretion from the sub-maxillary 
gland fourteen days after section of the chorda tympani and sympathetic nerves. 
Since Luchsinger® and Navrocki* had found in the cat that pilocarpin 
fails to cause a secretion from the sweat glands of the foot four to six days 
after section of sciatic, Vulpian suggested as the most probable explanation 
of the difference between the two cases, that in the one the secretory nerve- 
fibres are connected with peripheral nerve-cells, in the other they are not, — 
But it has been shown by Marmé* and by Luchsinger®, that in some 
cases pilocarpin will cause a secretion from the sweat-glands of the foot of the 
cat two to three weeks after the sciatic has been cut, although the secretion 
according to Luchsinger does not begin for ten to twenty minutes after the 
injection of pilocarpin. Hence it appears at first sight as if the only difference 
between the two glands in their behaviour to pilocarpin is that in the one 
pilocarpin requires a very abnormal time to produce its effect, But a com 
parison of the experiments of Vulpian and of Luchsinger shows that a 
difference in duration of action may still exist; for Vulpian did not try the | 
effect of pilocarpin on the sub-maxillary gland later than fourteen days after 
section of the secretory nerves, whereas Luchsin ger gives two to three weeks 
as the maximum duration of irritability of the sweat-glands to pilocarpin. 
And indeed we have seen (Exp. IIT.) that six weeks after section of the chorda 
tympani, pilocarpin readily causes a secretion, although a less copious one than 
normally; the maximum duration of irritability still remains to be determined. 
But the fact that pilocarpin produces a secretion so long after the section of | 
the secretory nerves does not warrant the conclusion that the nerve-endings 
have been kept from degeneration by peripheral nerve-cells, since we 
do not know whether pilocarpin acts on the nerve-endings of the chorda 
tympani or directly on the gland-cells. There are several facts which tell 


1 Navrocki, Vulpian, Luchsinger. 

2 Vulpian. Comptes Rendus, T. 87, p. 350. 1878. 

3 Luchsinger. Pfliiger’s Archiv. Bd, 15, p. 483, 1877. 

4 Navrocki. Med. Centralb. p. 98, 1878; Vulpian, Comptes Rendus, T. 87, p. 311, 
1878, and Ott, Journal of Physiol. Vol. 11. p. 42, 1879, also state that no secretion is caused 
by pilocarpin about a week after section of the sciatic. 

&Marmé, Gdttinger Nachrichten. 1871. (Quoted by 

Luchsinger. Pfliger’s Archiv, Bd, 22, p. 129, 1880, 
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in favour of the former view, ‘but: none which conclusively disprove the 
latter ; moreover it is quite possible that pilocarpin in minimal doses acts on 
the chorda tympani nerve-endings, and in larger doses acts on the gland-cells 
also. Further I have found that pilocarpin causes a change in the gland-cells 
viz a formation of fatty globules, which is not caused by stimulation of the 
chorda tympani. But I may point out that whatever structure is stimulated . 
‘by pilocarpin, the longer survival of irritability in the sub-maxillary gland 
than in the sweat-glands requires some explanation, and it seems to me most 
probable that it is due to the influence of local nerve-cells, 


But it might be said that these nerve-cells, granting that they are | 
connected with the secretory nerves, have a purely nutritive function 
and that they cannot give rise to impulses leading to secretion, There 
are however some other points to consider. 

At the time when the paralytic secretion is going on independently 
of the central nervous system, dyspnoea causes a considerable increase 
in the rate of flow, although all the nerve-fibres running to the gland 
are severed, There is no evidence, unless the present case be considered 
‘such, that gland cells can be stimulated by venous blood, whilst there 
is ample evidence that venous blood does stimulate nerve-cells, _ 

Further, the paralytic secretion and the antilytic secretion are caused, 
when they begin, by impulses sent out by central nerve-cells; the 
paralytic secretion in its later stages is caused by some local irritation, 
but apnoea, dyspnea and anesthetics affect the secretion in the same 
‘way in both cases, hence there is a very strong presumption that the 
same kind of tissue, viz. a nerve-centre, is affected in the latter as in the 
former case. | 
Lastly it may be mentioned that in the sweat-glands, where there 
are as far as we know no nerve-cells’ corresponding to those in the 
sub-maxillary gland, section of the secretory nerves does not cause a 
paralytic secretion’, whilst, in the pancreas where such nerve-cells are 
present, a vatalvise secretion is produced by section of the nerves 
running tothe gland’. 

Taking together the various facts above stated, it seems to be fairly 
certain that the paralytic secretion except at its commencement is 


1 The branched cells described by Coyne as being present sromsid the terminal coil of 
the sweat-glands require further investigation, they differ both in form and in relation to 
the nerves from the nerve-cells of the sub-maxillary gland, 

2 Luchsinger and others, 

* Bernstein, Henle u. Meissner’s Bericht. 1869, p. 240. This evidence is “eS 
ever weakened by the absence of altogether satisfactory proof of the existence of secretory 
nerves in the pancreas. 
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caused by nervous impulses sent to the gland-cells by a peripheral secretory 
centre, the centre being in: a state of increased irritability consequent 
on section of nerves connecting it with the central secretory centre. 
Since the position of the local nerve-cells renders it impossible to 
remove them from the gland, proof of. their function, other than that of 
the nature given above, seems to me impossible to obtain. But whilst 
attributing the paralytic secretion to nervous impulses, I think it 
probable on general grounds that in certain circumstances the gland- 
cells may secrete by stimuli affecting them directly. 

Jt would appear then that when the chorda tympani is cut, not only 
a central nerve-centte, but a peripheral nerve-centre, also gradually 
passes into a state of increased irritability in which it is stimulated by 
the ordinary venosity of the blood passing through it. The former in a 
variable time returns to its normal state, the latter apparently slowly 
 atrophies together with the glandular tissue (Bernard) unless the 
chorda tympani fibres regrow. In a puppy I found that the chorda 
tympani had regrown and become again functional in three months. 


Heidenhain found in the dog that section of both chorda tympani and 


sympathetic fibres does not stop the —e secretion, This T have not . 
observed in the cat. 


The histological changes in the sub-mazillary gland during the paralytic 

According to Heidenhain,.the sub-maxillary gland of the dog, some 
time after section of the chorda tympani, has many more alveoli with 
non-mucous cells—Heidenhain’s young cells—and the mucous alveoli 
have larger demilunes, than the normal gland. The number of alveoli, 
with marked mucous cells, and which show slight signs only of activity, 
is greater than in the typical active gland, but on the whole he considers 
that the gland has the appearance of an active and not of a ae 
gland. 

This account I regret to say I cannot anlinns I find on the contrary 
both in dogs and cats, that the sub-maxillary gland during the paralytic 
secretion becomes more mucous than normal. This is not shown by an 
increase in number of mucous cells at the expense of serous cells or of 
demilune cells, but in the proportion of mucigen to protoplasm increasing 
in the individual mucous cells. The protoplasm around the nucleus and 
that spreading as a frame-work throughout the cell, diminish ; the nucleus 
is as a rule nearer the basement membrane; moreover, the demilunes 
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are smaller and the serous alveoli—much more numerous in ‘the cat 
than in the dog—are also smaller. That the cells are not in an 
‘active’ state is further shown by an outer non-granular zone bein 
absent when the gland is examined in the fresh state. In the fresh state 
bor cells are granular throughout. | 

Although a comparison of a number of sections of normal resting 

glands with those of glands after section of the chorda tympani, has 
convinced me that a slight increase in the amount of mesostates in the 
cells is a constant effect of section of the nerve, yet I would — 
‘state that the change 1 is only slight. 
- When a section is examined under a low magnifying power, it may 
at first sight appear to be a section from a stimulated gland ; but this is 
simply due to the diminution in size of all the cells, so that more 
staining structures—nuclei, demilunes, serous — and connective 
tissue—are in the field of view. 

Further we have seen that the secretion obtained na the ‘peaslytio? 
gland, either by stimulating the undegenerated end of the chorda 
tympani (up to about ten days after section) or by giving piloearpin, is 
slightly more viscid than normal; if the gland were in an active state 
the secretion obtained in these cases should be distinctly less viscid than - 
normal, 

The gland on the opposite side of the body to that on which the 
chorda tympani has been cut is however in a slightly more ‘active’ 
state than normal; and this is the case whether the antilytic secretion 
is still going on or has long since ceased. 

Six weeks after section of the chorda tympani, the peripheral nerve- 
cells in the sub-maxillary gland are not appreciably altered in appearance. 
In a cat thirty-nine days after section of the chorda tympani, a fine | 
filament was found coming off from the tympanico-lingual somewhat 
more centrally than the usual point of separation of the chorda tympani 
and the lingual nerves. It ran to Wharton’s duct and consisted chiefly 
of non-medullated nerve-fibres. No effect could be observed to “0 
stimulation of it, | 


Owing to certain unknown causes, an apparently normal gland may on 
treatment with osmic acid show both in the duct-cells and in the alveolar cells 
a certain number of fatty globules : small in the alveolar cells, of variable size 
in the duct-cells, In one cat, thirty-nine days after section of the chorda 
tympani, and in another, sixteen days after section of both chorda and the 
neck-sympathetic, such globules were present in small number in the 
sub-maxillary glands of both sides, ee of 
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- nerve-section, In the other cats experimented on pilocarpin was injected ; in 
these, both contained a of fatty globules. 


The effects of section of the Biascthaehe nerve. 


On the effect of section of the sympathetic I have made a i 
observations only, but they show that the effect is not very great. 

From each of three rabbits the superior cervical ganglion was 
removed on one side; and the state of the sub-maxillary gland was 
observed in 9, 16,-and 23 days respectively. In no case was there 
any appreciable diminution in the size of the gland. Stimulation of the 
chorda tympani still caused a secretion and a flushing of the gland; 
the flushing of the gland was however less marked than normal. Nor 
was there any distinct change in the microscopical appearance of the 
gland-cells; the nuclei appeared to be somewhat more excentric than 
usual and the cells to stain rather less readily with carmine; this points 
to a slight accumulation of mesostates. Dr Pye Smith kindly gave me 
the sub-maxillary gland of a rabbit from which the superior cervical 
ganglion had been removed for five years; I could detect no eng tase 
from the normal in the structure of the gland. | 

It seems then unlikely that the removal of the superior cervical 
ganglion in the rabbit has any marked or permanent effect on vec 
sub-maxillary gland. 

In the cat I made one observation on the effect of section of the 
sympathetic nerve in the neck. The sub-maxillary gland was examined 
after nineteen days. No spontaneous secretion occurred during forty- 
five minutes; stimulation of the chorda tympani produced a flow of 
saliva; stimulation of the rethaining portion of the sympathetic up to 
the first cervical ganglion was without effect either on secretion or on 
the blood flow through the gland, but stimulation of the sympathetic 
fibres above the ganglion readily caused a secretion of watery saliva; it 
caused also the gland to become slightly paler, and this paling was 
followed by a marked reddening. That the secretion was really due to 
the sympathetic fibres was shown by its continuing after the chorda 

tympani had been paralysed by a small dose of atropin. This 
experiment thus affords additional proof that both secretory and 
vaso-motor fibres run through the first cervical ganglion in addition to 
those which run up the neck in the trunk of the sympathetic. 

In one experiment made on a dog on the effect of section of the 
sympathetic fibres running to the gland, in addition to section of the 


. 
+ 
st 
47 
a 
13 
Pa 
» 


88 LANGLEY. 


chorda tympani fibres, the sub-maxillary gland diminished in weight 
much more rapidly than in cases where the chorda tympani only was 

cut. In this case, however, there was some formation of pus from the 
digastric muscle, which was cut —— and this sais § have affected the 


On Secretory Nerves 


There is ordinarily during secretion, a passage of fluid abe the: 
cell, a growth of protoplasm, and a formation of soluble organic 
substances. The soluble organic substances are formed from mesostates 
which have been stored up in the cell, and the mesostates are formed 
by, and at the expense of, the protoplasm. Heidenhain has shown. 
that the secretion of water and the metabolism of mesostates are 
brought about by different nerve-fibres, which he calls secretory and 
trophic nerve-fibres respectively. At present no evidence has been 
brought forward to allow us to decide whether the growth of protoplasm 
is caused by the secretory fibres, or by the trophic fibres, or by nerve- 
fibres differing from both. Heidenhain does it is true, in his 
‘ Physiologie der Absonderungsvorgiinge’ in Hermann’s Handbuch, state 
that the trophic fibres cause both the growth of protoplasm and the 
metabolism of mesostates; but this may possibly be due to the limitations 
of space imposed by a Text Book, since he does not discuss the subject, 
and in his original Paper’ he expressly says that the supposition that 
the secretory fibres cause both the growth of protoplasm and the 
secretion of water, would suit the facts equally well. 

It hardly needs to be pointed out that to call the snieethins which 
produce a metabolism of mesostates, ‘trophic’ nerve-fibres, and to 
exclude from the influence of ‘ trophic’ fibres the growth of prévwplasm 
is very unsatisfactory. For it is the latter process which would most 


naturally be understood by the term. We might call the two processes _ 


katabolic and anabolic processes* respectively, and the nerve-fibres 
which cause them, katabolic and anabolic fibres, but as it has not been 
definitely shown that the metabolism of mesostates is a katabolic 
process, it is perhaps better for the present to keep to the terminology 
in use. 

The condition of the sub-maxillary gland after section of the chorda 


1 Heidenhain. Pfliger’s Archiv. Bd. 17, p. 62. 1878. 


* Foster, Article Physiology, Encycl. Brit. uses anabolism for a constructive mane 
botism and katabolism for a destructive metabolism. 
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tympani seems to me to afford a basis for further consideration of the 
relations of the various cell-changes to one another. 

We have seen that during the paralytic secretion, secretory nerve- 
fibres are continuously stimulated and cause a continuous slow secretion 
of water by the gland-cells; and that the trophic fibres are also con- 
tinuously stimulated, for the secretion contains a small amount of mucin; 
but that nevertheless the gland-cells steadily diminish in size and show 
no appreciable sign of protoplasmic growth. 

This suggests that the growth of protoplasm is brought about. by 
nerve impulses distinct both from those which cause secretion of water, 
and from those which cause a metabolism of mesostates.. 

The former suggestion has less force than the latter, for it may i, 
that the secretion of water is accompanied by a growth of protoplasm, 
but that the formation of mesostates at. the expense of the protoplasm 
keeps pace with the growth, whilst the metabolism of mesostates goes 
on faster than the growth. 

The diminution in the size of the cells and their continuance in the 
resting state is however not easily reconcilable with the view that the 
‘trophic’ fibres cause also the growth of protoplasm, for normally 
during secretion, in whatever way brought about, the growth is sufficient 
to compensate for the loss, and it seems to me unlikely that this should 
ever be otherwise if the two processes are caused by the same nerve- 
impulse. 

This view I have tested in another way. It has Lent shown by 
Heidenhain’ that the sympathetic nerve in the neck, contains as a 
rule ‘trophic’ fibres for the parotid gland of the dog but no secretory 
fibres. If then the ‘trophic’ fibres cause also a growth of protoplasm, 
this should be evident in the gland-cells of the parotid, after protracted : 
stimul: ion of the sympathetic nerve: they should possess an outer non- 
granular zone*. In the experiments I have made, viz. stimulation of the 
sympathetic for 4}, for 5, and for 6 hours, no outer non-granular zone was 
formed in the cells; in one case previously published’ there was a slight 
zone formed, but in this case there was also some secretion. Hence I 
think there is fair ground for believing that the growth of protoplasm 
is not brought about by the nerve-fibres which cause the metabolism of 
mesostates. And there is some reason for doubting that it is brought 
about by the nerve-fibres which cause a secretion of water. 


1 Heidenhain. Pfliiger’s Archiv. Bd. xvm. p. 28. 1878. 


2 Langley. Journ. of Physiology, Vol. nm. p. 261. 1879. Curt Schmidt. JInaug. 
Dissert. Breslau, 1882. 3 Langley, op. cit. 
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I have spoken above of the ‘growth of protoplasm’ in accordance 
with general usage. The substance which increases in the cell during 
secretion and which decreases as mesostates increase is assumed to be 
protoplasm. But the assumption has I think no satisfactory basis. I 
have previously pointed out that in secreting gland-cells it is the hyaline 
interfibrillar substance which principally increases during secretion and 
which decreases as mesostates increase’. This hyaline substance may 
be protoplasm, but it is quite possible that it is a proteid substance 
taken up from the lymph by the cell, modified by the protoplasmic cell- 
network, and laid down in the meshes of the network for further change 
at leisure first into: mesostates and then into secretory products. 


GENERAL CONCLUSIONS AND SUMMARY. 


When the chorda tympani is cut on one side the central secretory 
centre gradually increases in irritability until the blood supplied to 
it serves as a stimulus; nervous impulses are in consequence sent down 
the sympathetic fibres which are still connected with the sub-maxillary 
gland, and the paralytic secretion begins. 

The increase in irritability of the central secretory centre is not 
confined to the side on which the chorda tympani is cut, but extends 
although to a less degree to the nerve-cells of the opposite side ; 
nervous impulses are in consequence sent down the sympathetic, and 
also down the chorda tympani which on this side is intact, hence the 
secretion by ‘sympathy’ on the side opposite to that on which the 
chorda tympani is cut, This secretion may be called the anti-paralytic or 
the antilytic secretion. For ashort time the central secretory centre only 
is affected so that section of the sympathetic on the injured side, or of 
the chorda and of the sympathetic on the uninjured side stops the 
secretion going on and usually prevents dyspnea from producing a 
secretion. But very soon on the injured side, the local secretory centre 
becomes also affected, then section of the sympathetic fibres running to 
the gland may slow but does not stop the secretion. 

When the paralytic or the antilytic secretion is going on, dyspnea 
causes a considerable increase in the rate of flow; apnoea and anesthetics 
stop both secretions. 

The central secretory centre gradually returns to its normal state, so 
that section of the remaining nerves to the gland has no effect on the secre- 


1 Proc. Philos. Soc. Cambridge, Vol. v. p. 25, 1883, and International Jour. Anat. & 
Hist. 1. p. 69. 1884. 
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tion; on the injured side, the local secretory centre becomes less irritable; 
in three months or less the chorda tympani, cut at the point where it 
leaves the lingual, may regrow to the periphery and become again 
functional. 

If all the nerve-fibres running to the gland are severed, the paralytic 
secretion is caused by the peripheral centre only. | 

The character of the sympathetic secretion is not essentially altered 
by section of the chorda ; in the dog it is still viscid and even less watery 
than normal, in the cat, it is still watery. 

The peripheral portion of the chorda tympani degenerates very 
slowly; after thirteen days, it still causes, when stimulated, a fsirly 
plentiful secretion. 

Pilocarpin causes a viscid secretion six weeks after section of the 
chorda, the secretion is however less plentiful than in the normal state. 

During the paralytic secretion all the gland-cells of the alveoli, 
whether serous, mucous or demilune cells, diminish in size, and show the 
typical ‘resting’ appearance to even a greater extent than the normal 
resting gland. 

In the rabbit, removal of the superior cervical ganglion has little or 
no effect on the size of the —— gland or on the appearance ~ 
of the gland-cells. — 

Stimulation of the sympathetic in the neck in the dog does not in 
the absence of secretion cause a formation of an outer non-granular 
zone in the cells of the parotid; from this and from the state of the 
gland during the paralytic secretion it is probable that the growth of 
protoplasm is not brought about by the same nerve-impulses that 
bring about the formation of soluble organic substances from mesostates. 
The state of the gland suggests also that the growth of protoplasm is 
not brought about by the secretory nerve-fibres. 


Note on the percentage composition of the chorda-, ~~? ee 
salwwa in the cat. | 


In a previous paper’ it was pointed out that in the cat the saliva 
obtained from the sub-maxillary gland by stimulation of the sympathetic 
is less viscid than that obtained by stimulation of the chorda tympani. 
The obviousness of this depends chiefly upon the degree of viscidity of 
the chorda-saliva; under certain circumstances the viscidity of the 
chorda-saliva is very slight and there may be scarcely any difference in 


1 Journal of Physiology. Vol. 1. p. 96. 1878. 
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appearance between the chorda- and the sympathetic-saliva. Moreover 
since the percentage of organic substances in the saliva secreted depends 
upon the strength of the stimulus applied to the nerve, it is quite 
possible that a strong stimulation of the sympathetic nerve might 
produce a saliva containing a greater percentage of organic substances 
than that produced by weak stimulation of the chorda tympani. 

The following analyses’ of saliva will serve to show the usual 
. difference in percentage —— between chorda- and sympathetic- 


saliva in the cat. 


Percentage 
of organic 
substance. 
(1) Saliva obtained by weak — 0.3535 
tion of the left sympathetic. 


(2) 5 mgrm. atropin given; saliva ob- 
tained by strong stimulation of ; 0.5250 
right sympathetic. 


II. 


(1) Saliva obtained by stimulating 
chorda, shocks fairly felt by if 0.86566 
of tongue. 

(2) Saliva obtained by somewhat 
stronger stimulation of cympe 0.42598 


Percen 
0.4419 


0.4540 


0.33978 


0.27563 


Total 


of 


0.7954 


0.9790 


1.20544 


0.70161 


i These analyses were kindly made for me by Mr North and by Mr Waters. 
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AN ATTEMPT TO ESTIMATE THE GASEOUS INTER. | 
CHANGE OF THE FROGS HEART BY MEANS OF 
THE SPECTROSCOPE. By GERALD F. YEO, MD., 


Professor of Physiology, King’s College, London. 


Introduction. 


THE results which have been arrived at by the various attempts to 
investigate the respiratory changes in muscle differ materially and have 
given rise to conflicting opinions and diverse theories. This must be 
attributed to the great difficulties met with in the method of experiment. 
In the direct examination of the gases of the muscle tissue, only a 
small amount of gas can be obtained, and, as Hermann’ points out, 
rapid changes necessarily accompany the preparation of the muscle for 
the experiment. The excision, subdivision, warming, &c., which are almost 
essential for the complete extraction of the gas, must of themselves 
suffice to alter the chemical conditions and relationships of the tissue 
and give abnormal quantities of one or other kind of gas. This method 
therefore is the most unreliable and at the same time the most 
surrounded with difficulty. | 

The plan of investigation, in which the blood coming from resting and 
contracting muscle respectively is analysed, has also given somewhat con- 
flicting results, Sczelkow* found a marked, though not exactly corre- 
sponding, increase in the amounts of CO, given off and O taken up during 
the contraction of muscle. Ludwig and A. Schmidt’® found that the 
increase of O was not essential to, nor an invariable item in contraction 
of muscle, but rather depended on the rate of the flow of the blood 


1 “Untersuchungen tiber den Stoffwechsel der Muskeln ausgehend vom Gaswechsel 
derselben.” Berlin, 1867. 

2 «Zur Lehre vom Gasumtausch in verschiedenen Organen” : Wiener acad. Sitzungsbe- 
richte Math,-naturw. Cl, xiv. p. 171—226, 1862. _ 

* “Das Verhalten der Gase, welche mit dem Blut den reizbaren Siugethiermuskel 
strémen.” Berichte d. Verhandl. d. Sdchsisch.. Gesells. d. Wissensch, Math.-Phys. 
Cl. 1868, p. 12—72.. | | 
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current, and had no relation to the work done. The CO, output was 
also found not to be quite constant, and the quotient = underwent no 
' regular or constant change when the muscle passed from the resting to 
the contracting state. The increased flow was brought about by 
increased pressure used in propelling the blood. Pfliiger’ takes 
exception to their conclusions and says that a number of the small 
arteries were compressed or contracted in the cold muscle, and were 
therefore not made pervious by the weak pressure used to propel the 
blood, these closed vessels were however opened as soom as the greater 
promery we used to increase the rate of the flow. 

Minot’, under Ludwig’s guidance, found that the CO, output was 
not constantly increased and concludes, “that CO, does not belong to the 
decomposition-products which are 'e produced in muscle during its con- 
traction or tetanus.” 3 

The consideration of the somal gaseous ‘eaiibia of the body 
during the states of quiescence and muscular activity, though on the 
whole confirmatory of the older results, does not coincide with them 
either in the absolute or relative quantities of gas interchange with 
sufficient aceuracy to make one feel confident in accepting or quite 
rejecting ‘one view or the other. Indeed the variations in the gas 
interchange of the body, as a whole, may be influenced by so many 
cireumstances which necessarily accompany the more rapid circulation 
and respiration during muscular activity that one is hardly justified 
in drawing conclusions from its variations —s the ny 
changes of any one kind of tissue: 

As the matter stands at the samnd ie greater elie of opinion 
seems to be in favour of the more rapid formation of CO, during the 
activity of muscle and to imply that the observations contradicting this 
view are ill-founded. 

The increase in the amount of O used does not seem so certain, and 
the fact pointed out by Ludwig and Schmidt that O is not necessary 
for a contracting muscle is no doubt true. Further, the relationship of 
the change in the quantity of the CO, formed, and of O used in the 
active and resting states respectively, does not seem to correspond in 


any Series of experiments, = it ‘was therefore hoped that a careful 


1 «Ueber die physiologische Verbrennung i in den Arch, fiir 
die gesammte Phys. etc. B. x. p. 350. 1875. 
2 “Die Bildung der Kohlensiure innerhalb. ad erregten Muskels.” 
Arbeiten aus der physiol, Anstalt zu Leipzig. 11* Jahrgang, 1876. 
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examination of the saaceeaas in amount of one gas might be of some 
value. 


Although much trouble hes been taken to investigate the comparison 


of gaseous interchange in rest ‘and activity it would seem that little 


attention has been called to the quantities of CO, and O which pass 
to and from the blood while in contact with living tissue in a state 
of rest, as compared with the amount of gas interchange occurring 
when the textures in relation to the blood are no longer capable of vital 
changes, though only just dead. Such a comparison gives a good idea 
of the relative importance of the variations which occur in different 
states of the living tissue. 

In order to avoid the laborious and unsatisfactory method of gas 
analysis my friend Prof. Kronecker some years ago suggested to me 
the spectroscope as a more delicate and simple means of estimating the 
gaseous interchange in muscle. The frog's heart appeared to be a 
suitable muscle for the investigation and it was hoped that its diminutive 
size would be more than agaecinessemmeur mi the greater exactness of 
the method. 

Taking into account the accurate nanithbala of estimation employed 
by Vierordt’, Hiifner*, &c. by means of the spectroscope, and the fact 


that a given quantity of hemoglobin links itself with a certain quantity 


of O it was thought possible, that some exact quantitative estimations 
might be made concerning the oxygen used by the heart muscle when 
active and resting, It appeared only necessary to procure a solution of 
known stréngth of pure oxyhzmoglobin and supply the heart by means 
of Kronecker’s perfusion canula with a known quantity of the fluid. 
For the spectroscopic examination two little chambers could be attached — 
to two limbs of the catiula. One of these would contain fresh oxy- 
hemoglobin and the other reduced ‘Semtgebe upon which the heart 
muscle had acted. 

An élegant little piece of apparatus consisting of two ‘chambers. of 
kiows dimensions (capacity 625cm.) with parallel glass sides 5cm. apart 
to which the spectroscope could be attached, was constructed under the 
direction of Prof. Kronecker. When the practical application of the 
instrument was undertaken, however, it was found that owing to the 
relatively large size of the chambers their distance from the heart and 
the difficulty of making all the joints absolutely gas-tight the oxyhemo- 
globin in them never became reduced in the least. After some pre- 


2 Ztschr. f. Physiol. Chem, .andm. __ 
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liminary experiments, leading chiefly to improved methods and distrust 
in ordinary solutions .of oxyhemoglobin, I lost the cooperation of my 
friend Prof. Kronecker and unfortunately have not since had the 
advantage of conferring with him personally. Although I have 
‘received much kind advice and encouragement from him by letter, at 
several periods while working at this subject, I fear I must take upon 
myself all the responsibility of the opinions expressed in this com- 
munication, while he certainly deserves bee credit accruing from the 
method employed. 


Apparatus employed. 


Finding that the heart muscle, even when beating most actively, did 
not influence the oxyhemoglobin in the little glass-sided chambers of 
the apparatus above mentioned, two small flattened tubes were 
substituted for it. These were attached to the limbs of the double 
canula by strong rubber tubing. The tubes contained only a thin layer 
of the fluid but it sufficed to show well the characteristic spectrum. 

The capacity of the little tubes was very small and the quantity of 
fluid separating their contents from that of the heart was only that 
required to fill one limb of the little perfusion canula. In spite of this 
it was found that the oxyhemoglobin in them did not become reduced 
but showed the two bands perfectly distinctly, even when that in 
the heart was quite reduced and so charged with CO, &c. as to prevent 
beating. This depended on the fact that the process of reduction 
ceased when all the oxyhemoglobin in the heart had lost its oxygen, and 
that diffusion took place but slowly through the long and narrow tract 
of fluid leading from the heart to the glass tube. Besides it appeared 
that oxygen made its way through the rubber of the unions at a 
sufficient rate to counteract the spread of the reduction from the heart. 
This fact well illustrates how delicate a test for oxygen hemoglobin is, 
for the traces of oxygen that pass through a thick walled rubber tube 
may be easily detected by the two bands. Thus it was found that 
old solutions of haemoglobin, when shaken with air and placed in glass 
tubes, the ends of which were closed tightly by clamped pieces of rubber 
tubing, did not undergo self-reduction for days—until decomposed— 
though the same solution in sealed glass tubes and thus quite shut off 
from the air reduced in a couple of hours’. This shows that a 


1 Hoppe-Seyler (Med.-chem. Untersuch. Hft. 111. p. 378) found O passed through tube 
when he was trying if reduced Hemoglobin would form crystals. 
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considerable quantity of O can find its way through the wall of a rubber 
tubing and that such modes of uniting glass tubings are unsuited for 
this form of experiment. This method had also to be abandoned, 

A perfusion canula of glass was then constructed on the same 
principle as the metal one of Kronecker’s apparatus, so that the 
spectrum of the fluid next the heart could be watched. But even then 
the oxyhemoglobin in the heart was found to become reduced long 
before that in the separate part of the canula—or even in that part 
immediately next-the heart itself. The glass canula was also too 
clumsy to use, and if made small enough for the heart of an English 
frog was too fragile an instrument for practical purposes. 


Fre. 1, 


This shows the central part only of the apparatus. — 
is placed below chamber in which the heart is bathed in salt solution. 
. tube leading from the cold water supply. 
perfusion canula. 
. three-way-tap by which fluid from either supply tube can pass to heart. 
wires from secondary coil for stimulating heart. | 
. recording lever. 
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After these unsuscessful attempts to find a ‘method by which 


comparative spectra near the heart could be examined, it was found 
that the fluid must be examined in the heart itself, as here alone the 
rate of reduction could be noted with any degree of exactitude ; for a 
considerable delay occurred, or the reduction quite ceased, as soon as the 
oxyhemoglobin in the heart itself was reduced. 
< Direct observation was found to be difficult with German frogs, owing 
to the quantity of pigment cells in the walls of the ventricle. But with 
_ Rana temporaria or toads there was little difficulty in obtaining a good 
clear spectrum when the heart was in a parallel-sided chamber. 
Two small plates of thin glass shaped as in Fig. 1 were cemented 
on the sides of a curved frame-work (a) so that their surfaces were quite 
parallel, and formed a chamber 4mm, in thickness 250mm. wide and 


250 mm. deep. This was large enough to hold the heart of a large sized 


English frog tied on the perfusion canula (c) without exerting any in- 
jurious pressure on it. Passing around this little chamber in immediate 
contact with the inner side of the marginal frame was placed a narrow 
copper tube, through which warm or cold water could be allowed to flow 
by 6. In this manner the temperature of the fluid in which the heart 
was immersed could be accurately regulated or rapidly altered. On the 
outside part of this copper tube was a metal spur, similar to that on the 
perfusion canula, on which a small binding screw could be fixed. The 
heart could then be connected with the poles of the secondary coil of 
an induction apparatus and be stimulated through the medium of the 
fluid. The small mercury manometer with a light glass float served 
to record the number and strength of the beats of the heart, as well as 
the time occupied in filling the heart with solution. The time of 
complete reduction was also marked on the tracing. 

The spectroscope was fixed on a separate stand resting on the table, 
independently of the rest of the apparatus, so that it could be moved into 
position close up to the flat-sided heart-chamber. The light of a small 
bright paraffin lamp, collected by an ordinary convex lens, was passed 
through a saturated solution of alum 15 mm. thick and illuminated the 
spectroscope well, without heating the heart, a complication that was 
_ difficult to avoid when a brilliant gas burner was used for illumination. 
The spectroscope was placed in a direct line with the ray of light 
exactly in front of the heart near the apex, so that when the ventricle 
contracted it withdrew from the lower part of the prism where the 
continuous spectrum could be seen and used as a comparison. — 
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Oxyhemoglobin solutions used. _ 

It now only remained to procure a trustworthy solution of pure 
oxyhemoglobin. With this object in view samples were purchased 
from both English and German dealers. The English so-called pure 
crystallized oxyhemoglobin did not contain anything that could be 
made to give the two absorption bands characteristic of oxyhzemoglobin. 
That obtained from Germany contained a great deal of haemoglobin, 
and its solution gave the characteristic spectrum when it was shaken 
up with air. But on standing a few minutes in a corked tube these 
bands disappeared. On closer examination it was found to contain 
quantities of methzmoglobin and other impurities. The rapidity with 
_ which the old oxyhemoglobin lost its oxygen when in solution rendered 
this substance quite unsuited for the purpose required; nor could 
reduced hemoglobin be so well freed from the decomposing ingredients 
of the blood as to retain its original relationship to oxygen for any great 
length of time. This fact was very disappointing, for Hoppe-Seyler’ 
says that hemoglobin is remarkably stable, being unaffected by the 
ferments of the pancreas, or by putrefaction, and can be preserved for 
years unchanged even in solution in closed tubes. _ 

It was then resolved to prepare pure oxyhemoglobin from fresh 
blood, For this purpose several of the most highly recommended 
methods were tried on different occasions, and large quantities of 
definite crystals were produced from the blood of several animals. But 
the purest crystals underwent important changes in the course of a few 
days. The time required for these changes seemed to depend on the 
method used in making it, its purity, and the temperature at the time. 
Hoppe-Seyler® points out that solutions of oxyhemoglobin when 
enclosed in a sealed tube undergo reduction invariably after standing 
some time. He does not, however, name the time required for this 
self-reduction. This was found by a number of observations to vary 
much in different specimens according to the time they had been kept, 
and the method of preparation. The older the specimen, the more 
quickly it reduced. The more frequently it was recrystallized, the more 
rapid was the self-reduction. The purest samples of freshly prepared 
hemoglobin were found to undergo this reduction so quickly that they 
were quite unfit for the purpose of this investigation, and prepared 
hemoglobin had to be definitely abandoned. | 

It became necessary to carry on the experiments with recently made 
solutions of perfectly fresh blood. _ 


' + Physiologische Chemie, p. 890, Berlin, 1879. 2 Op. cit: 
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Self-reduction of Oxyhemoglobin solutions. 


Tt appeared important in the first Place to find out how long such a 
solution, when shut off from the air, would remain unreduced; i.e. 
continue to show the absorption spectrum of oxyhzmoglobin. 

It has been long known that arterial blood turns black if allowed to 
stand after removal from the body. Nawrocki’ showed that at 
ordinary temperatures the reduction continued steadily for 24 hours, 
and that with slight elevation of temperature the O had quite dis- 
appeared by this time. And Hoppe-Seyler’ found that when blood 
which had stood a day or two at summer temperature was shaken with 
the air it turned bright red, but when warmed it lost all its O in 6 
hours, and he says that the longer such blood stood, the more quickly 
the reduction. takes place, He does not appear however to have in- 
vestigated the solutions of blood, nor does he mention the condition of 
the blood on the succeeding days. 

Exact information upon this point appeared necessary for the 
purposes of the present investigation, and a series of careful observa- 
tions were undertaken with the object of determining the rate at which 
reduction takes place in weak solutions of blood—suitable for spec- 
troscopic examination—on each succeeding day after its removal from 
the body. For this purpose fresh blood, taken from the living animal, 
was diluted with distilled water, well shaken with air, and poured into. 
a clean spectroscope tube which was quite filled and tightly corked so 
as not to contain any air. A great number of observations were made, 
and were variously modified in order to control the results which 
showed considerable variations, The following list gives the time 
limits within which weak solutions commonly undergo self-reduction at 
room temperature on the 6 days after withdrawal of the blood from the 
animal. 


Solutions of quite fresh blood reduce in 15—25 hours. 


” ” blood 1 day old ” ” 2—3 ” 

” ” ” 2 days old ” ” 

” ” ” 3 ” ” ” 20—30 minutes. 
” ” 4 ” 7—20 

” ” ” 5 ” ” ” 3—10 $9 - 
” ” 6 ” ” 2—5 


1 Studien des physiol. Instituts zu Breslau, p. 165, Heft 2, 1863. 
2 **Ueber die Oxydation im lebenden Blute.” Medicinisch-chemische Slaencahianaiins: 
Heft 1., p. 135. 1866. | : 
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In fact solutions made of blood which has stood for 4 or 5 days 
reduce about as quickly as solutions of prepared oxyhemoglobin. 

It appeared interesting to consider the cause of this self-reduction 
more nearly, for the process of putrefaction, commonly ascribed as its 
cause, seemed at first hardly to offer an adequate explanation of all the 
points observed. 

There can be no doubt, as Hoppe-Seyler’ says, that reducing 
substances are produced in the standing blood which do not exist in it 
when fresh, and it is probable that the great part of the reduction 
depends on the changes brought about by putrefaction. But the 
reduction occurs before there is any sign of putrefaction in the ordinary 
sense, so we must admit—if all the phenomena are to be explained in 
this way—that the least disturbance of the proteid molecule gives rise 
to new bodies greedy of oxygen. 

Many of the influences which are recognised as being most powerful 
in altering the rate of putrefaction are known to change the rapidity 
of this self-reduction. Thus it is well known that heat hastens and cold 
retards the process. The effect of cold was frequently tested in the 
manner shown by the following experiment. 

Blood removed from a living mammal was defibrinated and about 
2°/, added to. distilled water. This solution was equally divided 
between Flasks “A” and “B”, “B” was corked and placed on the ice in 
a refrigerator. “A” was closed and kept at room temperature (c. 19°C.) 
and from it a sample “a” was sealed in a spectrum-tube, also left at 
room temperature. In 224 hours “A” was quite reduced and “laky”. 
The sample in the sealed tube “a” required 254 hours to lose the two 
bands, A second sample removed from “A” after the lapse of 24 hours 
and well shaken with air reduced in 2 hours and 20 minutes. In 
fact the solution in “A” behaved as those mentioned in the previous 
table. 

On the other hand “B” after 24 hours standing on ice was quite 
unchanged though not frozen. Samples removed from “B” (with the 


least possible exposure of the flask to the warmth) and then exposed to 


the room temperature required 21 hours to reduce. It was in the same 
condition on the 3rd day after removal, and again a sample exposed to 
the room temperature took the same time to reduce as if it had been 
perfectly fresh blood. So long as the solution could be kept at 0°C. the 
rate of reduction did not undergo any acceleration. 

It was further found that the admixture 7 small —, of 


Med.-chem. Untersuch. Hft. 1., p. 86. 
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Phenol (25 °/,) added to the solution did not alter the oxyhzmoglobin, 


but so far checked the changes in the solution upon which the reduc- 


tion depended that in all cases it was materially delayed, and in others 
completely suspended. On the 29th June, a final control experiment on 
this subject was made, as follows: -to a 2°/, solution of fresh rat’s blood in 
distilled water placed in a series of similar tubes were added sufficient 
- quantities of a 5°/, solution of phenol to correspond to the following 
percentages of absolute — in the blood solution. Room tempera- 
ture 23°—24° C. 


Bloodsol. only ‘Reduced in 24 hours. 

+ ‘125 °/, Phenol. Unaffected when last examined. 
Bands clear when last examined 
(after 20 months). 

In 4 days bands indistinct. 

In 3 days bands gone and pp. formed. 
» *25 Immediate pp. caused. 


‘It was also found that 25 */, of phenol checked the changes causing 
reduction even in blood solutions 3 days old. One sample from a 
solution 3 days old which reduced of itself in 43 minutes was kept for 
60 hours without reduction after the addition of ‘25 °/, of phenol. 

__.Hoppe-Seyler’ states.that all oxyhemoglobin solutions, however 
pure and free from decomposition undergo reduction when kept in 
sealed tubes; and that when once reduced they remain quite free from 
further change. Only part of this observation can be accepted as strictly 
accurate, for the solutions with ‘25°/, phenol have remained more than 
a year without losing the oxyhemoglobin spectrum. 

To test this question of the self-reduction of oxyhemoglobin inde- 
pendent of septic agencies some blood solution was preserved under 
strictly aseptic precautions without the addition of any phenol to the solu- 
tion. The experiment was conducted in the following way. Some small 
glass tubes were drawn out to two fine points and filled with water satu- 
rated with carbolic acid, one end was then sealed and the tubes left some 
hours full of the axdolio solution. The solution was then boiled out of the 


tube which was raised to a very high temperature in the blow-pipe and 


the other end at once sealed so as to enclose a vacuum. A small flask 


was nearly filled with 100 c.c. distilled water plugged with cotton and. 


. “Ueber d. Fahigkeit d, Hamoglobins d. Faulnis &. zu widerstreben.” Zeitschrift f. 
physiol. Chemie, Vol. 1., p. 125. 
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boiled until the water was reduced to half its bulk, then kept closed with 
aseptic cotton and gauze. A small quantity of blood was then allowed to 
flow from the aorta of a dying kitten into the flask which was opened 
for its reception under the carbolic spray used as in surgical operations. 
The tubes were filled by breaking off the end under ere fluid, - were 
resealed while still under the spray. , 

The hemoglobin solution in many of the tubes so sisidted® aid not 
become reduced. On each subsequent day one of the tubes was opened 
and it was found that the hemoglobin solution behaved like fresh blood 
solution ; ie. a sample of the hemoglobin shaken with air and corked 
up in a spectroscope tube did not lose all its O for some 15—20 hours. 
One of these tubes was preserved and showed after 20 months the 
two bands characteristic of oxyhemoglobin as brightly as: on the first 

The perfect exclusion of all septic agencies requires however a 
degree of exactitude in the use of the aseptic measures not very easily 
attained. Thus many of the tubes did not remain unreduced longer 
than a week or a fortnight, showing that some slight starting point of 
decomposition must have gained admission to them. In all cases how- 
ever the reduction was amare A postponed by the adoption of anti- 
septic methods. 


Details of Experiments. 


The following are the steps adopted i in the ‘casita. 

The normal salt solution was made with common domestic salt ind 
tap water, and contained about ‘65 °/, of NaCl. Various kinds of 
oxyhzmoglobin solutions were used; but the majority of experiments — 
were made with perfectly fresh blood, taken immediately before the 
observation, usually from the same living animal. A few cubic milli- 
metres of blood were sufficient for one experiment. This was allowed to 
drop into 185 c.c. of distilled water ; and when enough had been added 
to give the solution a depth of colour, equal to that of a known standard 
suitable for spectroscopic examination, it was well shaken up and the 
little shreds of fibrin that formed were after a few minutes’ delay 
caught on a muslin filter. To this solution of hemoglobin &c. in 
distilled water were then added 10 cc. of 10 °/, salt solution, which 
made the solution up to ‘69 °/, NaCl. This was then well shaken with 
air and poured into one supply tube of Kronecker’s apparatus when it 
now and then received fresh supplies of O from the air bubbling through 
it from the tube for regulating the pressure. The other tube was 
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filled with the salt solution for washing out the heart. A ligature 
having been placed on the small vessel entering the posterior surface of 
the heart, it was tied high up on the perfusion canula by soft cotton 
thread placed over the auricles. A series of successively lower loops of 
thread was then placed on the auricles, firmly binding them to the 
canula. The last ligature being placed on the required level on the 
ventricle. This was then thoroughly washed out with the salt solution. 
It was made to contract now and then during the washing in order to 
get rid of the blood entangled in the meshes of the tissue. Prolonged 
washing was usually necessary to remove all traces of oxyhemoglobin 
spectrum from the out-flowing fluid. In practice it was found that this 
was not necessary. After each observation, the ventricle was again 
washed out with salt solution, before refilling with the solution of blood. 
The light glass float (f, Fig. 1) on the distant end of the mercury of the 
manometer, served to record the time at which the washing and refill- 
ing took place, as well.as any contractions the heart made during 
the observation. It often happened, when the object was to examine 
the resting heart, that this was found impossible, for the ventricle com- 
monly gave a few beats after it was filled with the blood solution though 
it was quite still after the washing out with the salt solution. 

At first the top of the solution in which the heart was bathed was 
covered with olive oil, to prevent the interchange of gas between the air 
and the heart through the medium of this fluid. But after the first 
observation in each experiment (when the fresh solution was rich in O 
and free from CO,) the oil cover was found not to make much difference, 
and as the experiments were for the most part comparisons, in which 
the diffusion would be equal in each case and would not alter the result, 
the oil was given up and the heart allowed to beat in the free fluid, of 
which, however, only a small surface was in contact with the air. 

When it was necessary to secure regular contractions the current 
from a single pint Daniell cell passing through the primary coil of 
an induction apparatus was broken by Kronecker’s capillary contact, 
the electro-magnet of which was momentarily made at a given rate per 
minute by the ordinary Leipsic clock. The wires from the secondary coil 
—usually 6—10 cm. removed from the primary—were attached to the 
canula and the copper tube in the cell and thus the heart was 
stimulated in its bath through the medium of the fluid. Minimal 
stimulation was always used. 
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of Living Tisowe on the Rate of Reduction of Blood solutions 


The first question to be answered is, —What effect has contact with 
a living tissue in a state of rest on the solution of oxyhzemoglobin ? 

Does it rob it quickly of its oxygen ? 

It has long since been known’ that the’ arterial blood loses some 
of its O as it courses through the large arteries, a fact which has been 
_ shown by Hoppe-Seyler’* to depend on the action of the living reat 
wall and not upon the self-reducing power of the blood itself. 

7 In the case of the frog’s heart, compared with the reduction in a 

closed tube, the difference in rate of reduction was very striking, as 
may be seen from the following table, which gives the rate of reduc- 
tion in the still heart in some cases where the self-reduction of the 
solution in glass tubes was at the same time examined. 


Comparison of the rate of reduction of the same solution of oxyhema- 
globin (1) in the living still heart in an uncovered bath of salt solution 
and (2) in a glass tube ease corked. 


Time required for com 
Solution made from redution 
In heart ‘In tube 

Hemoglobin from horse [lminutes | - 24 hours 
dog (fresh) 36 6 ” 
20.» 
Fresh mammalian blood 
The same 24 hours old 34 
Fresh mammalian blood 
24 ly 16 
” ” 24 ” 15} ” 


_ As has already. been pointed out, the rate of self-reduction of 
fresh blood corked in a glass tube varies from 15 to 25 hours, depending 
chiefly on the temperature, that of solutions of hemoglobin or stale 
blood being much less. In the living still heart the mean time 
required for reduction, in a number of observations made with fresh 
blood-solutions, was 55 minutes. The time required for old solutions 


1 “Estor et Saininierre, Du siége des combustions respiratoires etc.” Journal sie 
lAamees et de la Physiologie de Vhomme, April, 1865. 

2 “Ueber die Oxydation im lebenden Blute.  Medicinisch-chemische 
1. p. 186. 
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was much more rapid and roughly corresponded with the difference in 
the time required for self-reduction of the same solution. 

The differences in the figures in the foregoing table are sufficiently 
striking and constant to make it clear that the still heart has a 


_ remarkable influence in taking O from oxyhemoglobin. 


As a matter of fact, however, the difference in the rapidity of 
reduction must be much greater than the numbers in this table seem 
to indicate, for the tubes in which the fresh blood solution took 12—15 
hours to become reduced were so tightly closed that no O could gain access 
to the solution; whereas the fluid in the heart could no doubt obtain 
some O from the salt solution in which it was bathed, and this retarded 
the reduction, which was practically only completed when the O tension 
in the salt solution was reduced very low. _ 

I think therefore that I am well within the mark in concluding that 
even on the coolest day with the freshest heart, the solution of 
hemoglobin loses its O ten times as quickly as does that of the same 
solution when corked in a clean glass tube, even when the heart 
is bathed in a salt solution the surface of which is exposed to the air. 


Resting and working muscle. 


The next question to consider was how far the amount of oxygen 
used by the muscle tissue was influenced by the functional activity of the 
heart. For the purpose of settling this point it only seemed necessary to 
determine the rate of reduction of the oxyhzmoglobin in the contracting 
and the resting heart respectively. Simple as such a plan of experi- 
ment seemed to be, it was found in practice to be no easy matter 
to work out its details, so as to give constant and trustworthy results. 
In the first place the ventricle—though perfectly still when washed out 
and filled with salt solution—no matter how low down it was tied 
on the canula, commonly began to beat when filled’ with the blood 
solution, and when the heart was fresh and active these contractions 
_ often continued with more or less regularity until the apse it 
contained was quite reduced. 

Sometimes the contractions were few in een and weak, and some- 
times they ceased before the reduction had taken place, but as a rule some 
few contractions were executed automatically when the heart was at its 
best. Towards the end of the experiment, these automatic contractions 
were in most cases absent, though the muscle responded well to weak 
electric stimulus. In others when the oxyhemoglobin had become re- 
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duced the heart refused to: respond to the weak stimulation used to make 
it beat at the early part of the experiment. Ina great number of the 
most reliable experiments therefore the comparison had to be made, 
—not between a perfectly still, and a beating heart—but between 
a heart which gave some automatic contractions, and one made to 
contract. regularly by a gentle electric sasieacing from the induction 
apparatus. 

Another source of error in fixing the exact aie time of sliasion 
in the still and beating heart, was that the reduction took place very 
locally, being confined to the heart itself when it was quite still. But 
when it was beating, the motion in the fluid produced by the contrac- 
tions caused some delay in reduction, This was demonstrated when 
the heart beat very slowly, one automatic contraction occurring every — 
few minutes.- The contractions owing to their infrequency tended but 
little to hasten the reduction, while the current they produced was just 
enough to introduce some traces of fresh oxyhsmoglobin into the ven- 
tricle. Often when the division between the two bands had almost 
disappeared, a contraction of the ventricle would cause it to reappear 
by mixing some of the solution in the canula with that in the heart 
itself, Obviously this would tend to retard the reduction in the beating — 
heart, and make it appear to occur relatively more — in the heart 
which remained still. 


The first set of experiments with the object of eR the rate of 
reduction of the still and working heart was made with solutions of 
dried blood, but the reduction occurred so soon that the results were 
rejected. In the next series a solution of hemoglobin, which deserved 
the title obviously pure, i.e. composed of well formed crystals which had 
been freed from impurities by several recrystallizations, was employed. 
Both the blood of the horse and dog were used. The oxyhzemoglobin 
made from dog’s blood, no matter how beautiful the crystals were, 
always rapidly exerted an injurious effect on the heart, which after a 
short time invariably died in a state of tonic spasm. The only points 
of interest to be derived from the use of the dog’s hemoglobin, besides 
its poisonous effect on the heart, were that while the heart was dying ~ 
in partial tonus the reduction took place very quickly, but when the 
heart was dead or nearly so in the early stages of death opacity, the 
time necessary for the reduction again became longer, showing that the 
absence of vital changes in the tissues lessened the requirement of 


oxygen, while in death spasm much more oxygen was required by the 
muscle, 
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The hemoglobin of the horse was found to answer much better, 
and in salt solution seemed to serve the purpose of a good nutritive 
material. The power of nourishing the tissue may however depend on 
the proteid which is almost inseparable from it by any method of 
preparation. 

The following may be taken as — of a series of experiment 
all of which eee each other. 


Comparison of quantity of O used by heart when contracting and 

| at rest. 

January 24th. The heart of a large English Frog was thoroughly 
washed out with '65°/, salt solution. A freshly made solution of pure 
oxyhzemoglobin (Horse) in 69°/, salt sol. was then passed through the 
ventricle, and showed two well marked bands. It was then alternately 
examined when still and then caused to contract with minimal 
stimulation. 

Between each observation it was carefully washed out with salt sol. 
and refilled with fresh solution of oxyhemoglobin. The results si be 
inatabularform. 


No. of Stimulations No. of Contractions | Time occupied by reduction 
0 0 11 minutes 
60 54. 

0 0 
45 43 
0 0 5 ” 
45 49 (some automatic) ee 
0 0 
45 51 (some automatic) ae 
120 20 
0 0 


A sample of the solution used corked i in a tube was not reduced 
1? hour. 
duration of reduction when at rest = minutes. 
” ” contracting =3 ” 
is 9 thie experiments made with a similar solution the means were 


at rest = 9°9 minutes, 
contracting = 3°2 
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_ A solution of fresh mammalian blood in salt solution, made as 

mentioned above, used in a similar way gave corresponding but more 
striking results. The following examples may be quoted as average 
durations of reduction in a number of experiments, wan the fresh blood 
solutions. 


No. of Stimulations | No. of Contractions | Duration of reduction 


50 iain: 90 
|. 501 ,, 

20 per min. 105 52 5 
0 0 Not reduced in 20 min. 


The stimulus was too weak and now and then failed to cause a 
contraction at the quick rates of stimulation. The heart seemed more 
excitable towards the end. This experiment has been selected as an 
example because of the relation it shows between the rate of reduction 
and the number of contractions during the period. 


"Fresh blood solution. English frog’s heart. Stimulation as before. 


imul o. of Contractions 
N Duration of reduction 
20 per min. 65 7 min. 
0 hour and 50 min. 
12 per min. 30 11 min. 
6 45 ” 
ee 43 (some automatic) 
a 
0 3 (automatic) 


As will be shown further on there can be no doubt that exhaustion 
of the muscle has some effect in hastening the reduction, This may be 
judged from the state of the heart at the end of such an experiment 
as that just tabulated. But that the more rapid rate of reduction was 
not merely the effect of fatigue, may be shown by the following 
experiment in which the stimulations were reduced in number in each 
successive observation, and the duration of the reduction was correspond- 

ingly delayed. 
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English frog. Mammalian blood solution. Stimulation as before. 


No. of Stimulations | Contractions recorded | Duration of reduction 


12 per min. | min, 
57 91 ,, 


It is however important to remember that the difference between 
the rate of reduction of the oxyhemoglobin in the beating and resting 
heart respectively, is very much less than the difference in the time 
required for the reduction of fresh blood solution in a resting, living 
heart and that required for the self-reduction of the same solution in a 
tube. 


Effect of Temperature. 
The foregoing experiments were all iatommned during the winter. 
months, with fresh strong frogs, not long in captivity. 
It was thought that there was but little need to control results 
which seemed so constant and in many instances so very strikingly 
indicative of a direct relationship between the number of contractions 
and the amount of oxygen taken up by the muscle. But as some 
important questions remained to be answered, the investigation was 
continued in the summer. The new series of experiments was com- 
menced by controlling the results obtained in the winter months. | 
To my surprise the general tendency of the summer experiments 
appeared far from confirmatory of, if not distinctly antagonistic to, 
the results obtained in the previous winter. The same plan was 
employed in every detail with the advantage of greater exactitude in 
methods acquired by practice. Yet little difference could be found 
in the rate of reduction whether the heart was beating or still. In 
all cases the reduction was strikingly rapid when compared with the 
winter experiments. And on the whole the results seemed much less 
constant, The inconstancy was at first attributed to the peculiarity 
of the individual summer frogs, but it seemed to make little difference 
whether they were supplied fresh from the country or taken from the 


laboratory store. 


The following notes of some of these experiments may be taken as 
fair samples of a great number of others of a similar nature, not here 
mentioned, as they show no special point of interest. 
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- June 4th. Fresh English frog’s heart, washed out with sol. of salt 


in tap water. 
Rate of Stimulation No. of Contractions Time of reduction 
0 0 min. 
0 0 Aw 
0 
every ‘" occasional tonus 2 min. 15 secs. 


June 5th. Fresh s heart automatically 


when washed out. 


- | Rate of Stimulation No. of Contractions | Time required for reduction 
38 
0 and shorttonus,; st 
reappeared 
5 15 per min. 30 3 
6 — = 24 
7 } | irregulartonus very quick 
irregular tonus, only re- 
sponded now and then 


Though quite still when not stimulated automatic contractions 


frequently commenced when stimulation was applied. 


Jume 6th. Fresh English frog’s heart, tried in auriculo-ventricular 


groove. 
Rate of Stimulation | No. of Contractions | Time required for reduction 
1 (automatic) 27 3 min. 
2 38 
3 10 (slow) 
0 54 ” 
5 0 | 
c. every 4” 66 some automatic 4 ,, 
is 75 some automatic ee 
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_ Reduction is often delayed as seen in observation 3 in this experi- 
ment by the few contractions occurring at long intervals, each of which 
causes a current and a slight fresh supply of oxygen from neighbouring 


fluid. It may be accepted as already mentioned that the motion of 


the fluid caused by the heart beat always causes delay in reduction, so 
that if the contractions do not occur quickly the hastening effect is 
more than counterbalanced by renewal of the fluid in the heart. But 


even making full allowance for this source of error these records of 


experiments made in June differ greatly from those made in J — 
and February. . 

Being satisfied that the difference could not be attributed to any 
fault of the method in either set of experiments, it naturally suggested 
itself that the difference in temperature might be the cause of this 
rapid reduction of the oxyhemoglobin solution in the heart at rest 
during the summer months. 

With the object of testing this, the bath of salt solution in which 
the heart lay was cooled down to ahout the winter room temperature. 
At first the cooling was accomplished by placing small fragments of ice 
in the bath but subsequently the bath was cooled by making iced water 
circulate through the tube (6) shown in the woodcut page, surrounding 
the heart chamber. 


The following experiments were undertaken specially to show the 
effect of changes in temperature on the rate of reduction in the heart, 
i.e, the amount of oxygen used by the muscle, in the state of rest and 
of activity. 


June 7th. English frog’s heart. Fresh mammalian blood. 


| Temperature Stimulation Contractions Time of reduction 
about 14° C, automatic 10 and 14 9’ 
(in two groups) 
” ” 40 5’ 
” 27 9 
” ” 18 
5 at long intervals 33 
a every 4”, coil | 50 intermitting 6’ 
at 54cm. 
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June 12th, English frog's heart. Fresh mammalian blood. Room 
temperature 20°C. 


Temperature | Stimulation Contractions Time of reduction 
0 3 (automatic) 10’ 
every 4. sec. | 80 (some automatic) 5’ 
12°C, 0 20 (automatic) 16’ 
by 0 2 (small automatic) 45’ 
ie every 4 sec. | 130 9’ 
20° C. 0 0 


June 20th. English igs s heart. Mammalian blood. Room temp. 
185°C. 


Temperature | Stimulation Contractions Time of reduction 
10°C. every 5” (weak) | 75 (some intermission) ae 
every 10’ (weak) | 52 (intermitting) 104’ 
every 3’(weak) | 47 | 32’ 
185°C. 0 0 5}’ 
every 3”’(weak) | tonic 


The foregoing show that the temperature has a most 
marked effect on the rate of reduction of the oxyhemoglobin in the 
frog’s heart, and it would also appear that the difference of temperature 
influences the amount of oxygen used much more in the case of the 
resting than in the working muscle, so that when the heart was cooled 
down to the winter temperature results were obtained which closely 
corresponded with those got in the winter experiments, 


Influence of Fatigue. 


During the great majority of the experiments a distinct hastening 
of the rate of reduction occurred as the experiment went on. There 
often appeared to be considerable delay in the reduction during the 1st 
observation in an experiment. This probably depended on the fact 
that the bath contained much O which was taken up by the heart. In 
the later stages of the experiment a hastening in reduction rate occurred 
that could not be attributed to this cause. This increase in the 
rapidity was at first very gradual though steady, but often towards the 
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end of the observation a much more sudden hastening of the reduction 
could be observed. While working at the experiments it seemed clear 
that the gradually increasing rate at which oxygen was used depended 
on fatigue, while the greater and more sudden increase in rapidity of 
reduction that often occurred later on was regarded as dependent upon 
changes which were the precursors of death and were commonly 
associated with tonic contractions. A few hearts were used which were 
taken from frogs whose vagus had just been used for prolonged experi- 
ment. In these the reduction always occurred quickly, but in some 
cases the condition of the heart seemed to be improved by the washing 
out with salt and blood solutions, since after some time and a few gentle 
stimulations the rate of reduction decreased and the activity of the 
muscle increased. 

That this quicker rate of reduction did not depend on any chanae 3 in 
the blood solution itself is proved by the following facts. The spectrum 
of the fluid in the supply tube always continued to show the two 
bands until long after the experiment was over, and the air entering 
by the thin tube for regulating the pressure bubbled through the 
solution, and this kept it well supplied with O each time the heart was 
refilled. 

Further, special examination of the rate of self-reduction of the 
solution was frequently made towards the end of the experiment. 
When the solution had been freshly made it was always found to show 
the two bands for hours, longer indeed than it could be examined, so it 
was commonly noted as “left unreduced.” Again, it sometimes hap- 


pened if the first experiment was short that the same blood solution 


was used for two hearts in succession. In these cases the sequence of 
events was found to be the same in both observations. Prolonged 
experience, moreover, showed that a fresh blood solution in a clean glass 
tube invariably remained unchanged for at least 12 hours, even in 
the warmest weather. 

The character of the decrease in the time required for the reduction 
during and towards the end of the several experiments convinced me 
that fatigue and lethal changes were to be distinguished from each 
other in their effect on the gaseous interchange in the muscle. Both 
quickened it, but the latter much more suddenly than the former. . The 
fatigue effect was often seen when the functional capability of the 
muscle seemed perfect or was improving, and the lethal changes often 
appeared when the muscle had done little or no work. 


I do not mean that a sharply defined limit could be assigned in all 
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cases. to either process, for fatigue often runs so imperceptibly into a state 
of tonic contraction and non-reactive opacity that it is impossible to say 
when the fatigue stage ends and the lethal changes begin; and it only 


seems reasonable to admit that changes leading to the death of the 


muscle commence the moment the heart is removed and its tissue 
injured, by: ligature, exposure to the air and many other abnormal 
influences which though overlooked must operate in tending to kill the 
heart. 

Although every experiment showed more or less distinctly the 
alteration in the rate of reduction that was attributed to the agg of 
the muscle:it was thought well to examine the question specially. 


following experiments were instituted for this purpose, and seem to ‘ | 


conclusive. 


down: well washed out with salt solution. — 
While full of salt solution it was stimulated every 5 seconds for 45 
minutes, 


It was then washed out with fresh salt solution and filled with blood 7 


solution. The oxyhaemoglobin bands sesame in 3 minutes, in _ 
perfectly motionless ventricle. 

Refilled with fresh blood reduction in 3} minutes 
in the still heart. 

Refilled with fresh blood solution and stimulated every 5 antand, 
the reduction was complete in 34 minutes, and the heart ceased to 
contract in response to the weak stimulation continued for a couple 
of minutes. 

After being well washed out with salt solution and refilled with 
fresh solution of blood, reduction occupied 44 minutes. — ; 

After standing an hour at rest full of blood solution it was washed 
out and refilled. The reduction now required 6 minutes. 


In this the fatigued. state of the heart following the 


prolonged stimulation seemed associated with a deficiency of its store of 


QO. This would explain the rapid reduction taking place immediately 
after the stimulation was discontinued. The gradually increasing 
periods required for reduction in the succeeding observations seem 
clearly to indicate that the muscle slowly regained its normal oxygen 
quantum and therefore removed the O from the solution more slowly. 
This lengthening of the reduction periods also seems to show that the 
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rapid.reduction was not the result of any permanently injurious (lethal) 
_ changes, and further that gradual changes in the blood solution are not 
the cause of the common hastening in the reduction observed in most 
experiments where the heart is made to contract. | 


The following experiment confirms the results obtained in the last. 

The heart of a small English frog was tied low down on the ventricle, 
washed out with salt solution and filled with fresh mammalian blood 
solution. 

(1) This required 2 rae and 2 minutes to reduce. The long 
time probably depended on the fact that the heart took up a relatively 
large amount of oxygen from the bath of salt solution, which was larger 
in proportion than usual owing to the very small size of the portion of 
the ventricle left free. 

(2) It was washed out and quickly refilled with blood solution 
after the surface of the salt solution in the bath had been covered over 
with oil, and the reduction now occurred in 13 minutes in the motionless 
heart. 

(3) Again refilled with blood solution after being thoroughly 
washed out it reduced in 21 minutes ; motionless, 

(4) Refilled and after the lapse of 24 minutes it was sticiighy 
stimulated every 5 seconds with the object of producing fatigue. In 4 
minutes after filling it was quite reduced. 

(5) The stimulations were then continued every 5 seconds as long 
as they took effect, the heart recording 160 contractions. The ome 
solution was then allowed to flow slowly through the tired ventricle ; 

a rule 2 to 4 seconds sufficed for the stream of oxyhaemoglobin Sahin 
to bring back the two characteristic bands, but in this instance no sign 
of oxyhaemoglobin bands appeared for 90 seconds, though the inflowing 
solution showed the spectrum very clearly before it reached the heart. 
The oxygen must then have been taken up by the muscle so quickly: 

that the haemoglobin was reduced the instant it arrived at the heart. __ 

(6) When the bands had again become distinct the flow was 
stopped and in 4 minutes the deren in the heart was quite 
reduced. 

(7) After being washed out and allowed to rest for 6 minutes the 
heart was refilled, and then the haemoglobin required 8 minutes for 
complete reduction. 

(8) It was again washed out and refilled with fresh blood malities 
which became reduced in 9 minutes. 
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(9) Washed out, refilled and stimulated every 5 seconds, and 
reduction occurred in 3 minutes. 

(10) After. being made to contract for 10 minutes, fresh blood 

solution had to be allowed to flow through for 30 seconds before two 
bands could be seen. Even then they were not as distinct as in the 
early part of the experiment, and they again disappeared in 1} minutes 
in the still heart. Shortly after which the ventricle passed into 
persistent tonus and the two bands could no longer be distinguished. 
_ The eagerness with which the muscle takes up oxygen appears 
from observations 5 and 10 of this experiment to be greatly increased 
by work. The muscle no doubt continues to respond to the stimulation 
for a long time after its income of oxygen from the haemoglobin solution 
has quite ceased, but during this period its own store of oxygen is 
gradually used up, so that when it has ceased to beat if a fresh supply 
of O arrives it is seized upon with such rapidity that the haemoglobin 
band cannot be detected in the fluid contained in the heart. In many 
experiments in which the muscle was rather fatigued a most striking 
agreement was observed between the time when the bands disappeared 
and the cessation of contraction. This fact convinced me that with a 
fatigued muscle the supply of oxygen was more immediately necessary 
than with the fresh unused heart. It looks in fact as if the fatigued — 
muscle had to depend on O from without, living as it were “from hand 
to mouth,” while the fresh muscle could work well without any imme- 
diate supply of O, When a fresh muscle ceases to contract its stoppage 
probably depends upon the accumulation of CO, and other products, as 
has been shown by Kronecker and his pupils. The recovery from 
this kind of non-irritability is a much quicker and easier matter than 
when the fatigue is accompanied by a great reduction in the O store of 
the tissue. Indeed it seems probable that when a certain amount of 
its store of O has been used up the muscle cannot regain its former 
state of normal irritability on fresh O being supplied, but it continues 
to absorb it rapidly, reducing the hemoglobin and acquiring a peculiar 
hyper-irritability, accompanied with a tendency to tonic spasms. Once 
this condition of tonic spasm has arrived the bemoglobin is reduced 
in such short intervals (} — 2 min.) that the exact estimation of the time 
at which it is completed becomes difficult. This state appeared easily 
separable from fatigue by its greater reducing effect and failure to 
recuperate. But if deficiency in store O be recognised as an item in 
fatigue, this difference can only be one of degree or rate, having the 
relationship of oxygen-want to oxygen-starvation. 
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CONCLUSIONS. 


It seems noteworthy that blood solutions put up in sealed tubes 
under rigid aseptic precautions may be quite protected from the 
influences which cause the reduction of the oxyhzmoglobin; and that 
the same result may be attained by the addition of ‘25 °/, of absolute 
phenol, which checks the reduction and seems to have no injurious 
effect on the oxyhemoglobin when air is excluded from the solution, 
even after considerable intervals of time. The extremely sudden change 
in colour of arterial blood “a couple of seconds after removal” from the 
animal, mentioned by Pfliiger’ as “ the last act of life of the blood” has 
not here been observed ; but no doubt this depends on some disturbance 
of the proteid molecule demanding oxygen supply, and should rather be 
called the first act in the death of the blood. That the reduction can 
take place without the presence of septic agencies, as Hoppe-Seyler* 
seems to think, is disproved by the observations previously recorded. The 
change in rate of self-reduction of hemoglobin after it has been pre- 
served, either dry or in solution sealed in tubes, would seem to modify 
Hoppe-Seyler’s dictum that when once reduced “the spectroscopic 
phenomena remain for years, probably for ever, unchanged.” But it 
has been found impossible to decide whether the relationship of hzemo- 
globin to oxygen be changed or whether the rapid reduction in old — 
hemoglobin depends simply on more active decomposition. | 

The self-reduction of the hemoglobin in solutions of blood does not 
in any way interfere with the present investigation, for the time required 
for it, in the case of fresh solutions, is so regular and so much longer — 
than that in which reduction takes place in the living heart. Indeed 
the contrast between the duration of self-reduction of solutions of 
oxyhemoglobin in a glass tube and in a living heart is a most inter- 
esting point. Calling the rate of reduction in the living still heart 1, the 
rate of reduction in the glass tube would be at least 10 times as slow. __ 

If we compare these with the demand for oxygen made by the 
tissue when active, we get a time relationship which other things being 
equal may be approximately expressed thus :— 


Living heart (beating) 1 
Living heart (still) 6 


Blood solution in glass tube 60 


1 Centralb. f. med. Wissensch. 1867, N. 21, p. 321. 
2 Zeitschrift f. physiol. Chemie, Bd. 1. p. 180. 
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The consumption of oxygen by living muscle is then distinctly 
marked, and is so much greater than the amount used in the self- 
reduction of the oxyhemoglobin. Indeed we may conclude that the 
absorption of a considerable quantity of oxygen is one of the items 
— to the life of the tissue. } 

From this it would appear that the siobleslon Hermann’ comes to 

in his well-known work is not confirmed ; viz. “that the amount of O 
used by cut-out frog-muscles deprived of blood depends on decompo- 
sition (commencing the moment after removal of the muscle from the 
body) taking place upon the surface and free cross section of the 
muscle, It increases in proportion to the progress of putrefaction.” 
“Absorption of O associated with the living processes cannot be 
recognised; if it does occur it must be infinitely small.” In fact it 
seems that an exactly contradictory rule may be applied to the heart- 
muscle, These experiments differ however from those Hermann carried 
out on the skeletal muscles of the frog in the important point that the 
tissue was well supplied with oxygen, while the muscles he used were 
deprived of blood and could as get a supply of O at their exposed 
surface. 
_ The greater amount of oxygen used by a contracting heart-muscle 
(at least at winter temperatures) is so constant that it would appear 
equally certain that during contraction the O requirement of the tissue 
notably increases, and that Hermann’s statement on this subject re- 
garding other muscles is not appropriate in the case of the heart, at 
least when it is supplied with oxyhemoglobin. Indeed his dictum, 
“An increase of the amount of O taken up by a muscle depen- | 
dent upon the process of contraction cannot be proved, and — 
if it exists at all can only occur in infinitely small degrees,” 
seems for all muscles considerably shaken if not quite disproved, and the 
conclusion drawn by McGuire’, under Kronecker’s guidance, that 
the frog’s heart was indifferent to the amount of oxygen in the nutrient 
fluid, can only be accepted up to a certain degree. 

That the increase in the amount of oxygen taken up by a cut-out 
muscle depends altogether on the decomposition of its surface may 
be true when no part of the muscle has any possible source of oxygen 
except the exposed surface, which naturally undergoes rapid chemical 
change. But when a free supply of oxygen is distributed to the muscle 
it behaves quite differently. | 
i 1 Untersuch. i. d. Stoffwechsel d. Muskeln dc. Berlin, p. 42, 1867. 

2 Verhandlungen d. physiol. Gesellsch. zu Berlin. No, 11. 
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When a muscle can only obtain O at its surface, or when it is sup- 


plied with blood from which the O has been removed, the opportunity 


of its taking up oxygen is also so diminished that from such an experi- 
ment no deduction as to the normal gas-interchange can fairly be drawn. 
The muscle can no doubt live, and even contract, when its oxygen in- 
come has been quite cut off, but in so doing it has to take from its 
O capital a quantity of gas that must be refunded before the muscle 
can again enjoy its complete functional capability. 

This is proved even more clearly by the behaviour of the heart 
when considerable fatigue is induced by a prolonged series of contrac- 
tions, after the O supply has run short. Under these circumstances, 
the muscle seizes upon all the oxygen supplied to it with extreme 


_ avidity, and reduces the oxyhemoglobin as quickly as it enters the 
heart. In fact I would be inclined to add to the two circumstances 


influencing the O absorption of muscle given by Pfliiger* (viz. rate of 
diffusion and of combination), a third, which I think much more impor- 
tant in producing variations in the quantity of O absorbed, viz. the 
readiness with which the muscle can obtain a supply of that gas, | 


When the various effects of temperature upon the process are looked 
into closely we cannot be surprised at the results obtained in these 
observations, viz., that comparatively small elevations of temperature 
cause considerable increase in the amount of O taken in by living 
muscle when at rest, but they do not so much, if at all, influence the 
amount used during contraction. The elevation of temperature 
probably operates in three distinct ways. First, the oxyhzmoglobin 
parts more readily with its loosely combined O; secondly, the vital 
changes of the living tissue are excited to increased activity; and 
thirdly, the diffusion of the O is facilitated. 

These circumstances probably have not so obvious an influence on 
the muscle during its contraction because the demand for O is then im- 
perative, and when contraction is excited the O is probably always taken 


from the existing O-compounds in the muscle tissue, and is therefore | 


relatively independent of the stability of the neighbouring oxyhemoglo- 
bin, or the readiness with which diffusion occurs. The contraction 


being the result of a definite chemical activity for which the tissue is 


specially adapted, the elevation of temperature does not increase its 


absolute amount though it may hasten the chemical processes upon 


which it depends, as may be seen from the character of the curve drawn 
1 Arch. f. ges. Physiol. Bd. x., p. 354. 
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by a muscle at high temperatures which is short, but very little higher 
than ordinary curves. 

Though possibly the absence of a proper income of O does not so 
rapidly affect the irritability of a muscle as the accumulation of CO,, 
yet there can be little doubt that a deficiency in O has a distinct 
relationship to functional capability. If the scarcity of O continue it 
probably brings about more permanently injurious changes than the 
presence of a quantity of CO,, which simply dulls the irritability and 
postpones the activity until the CO, is removed from the muscle (as 
_ McGuire’ has pointed out). While the want of O seems, during a 
short initial period, to induce a condition of hyper-excitability, as was 
observed by Ludwig and Schmidt’, persistent deprivation of it, par- — 
ticularly if the muscle be working, causes a — and — loss 
of ne and capability. 
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THE MINIMAL INTERVAL AT WHICH THE SUMMA- 
TION OF TWO MAXIMAL STIMULI OCCURS IN 
STRIATED MUSCLE. By GERALD F. YEO, M.D., anp 
College, London.) . | 


Helmholtz’, as is well known, found that the shortest shesival at 
which he could appreciate the effect of a second stimulus, when’ two 
succeeding induction shocks were allowed to enter a nerve, was gisth of 
a second. | 

Some years ago one of us, together with Dr T. Cash, in testing this 
point with a form of pendulum myograph specially adapted for the 
purpose and which has been elsewhere described*, became convinced 
that this limit did not obtain in all cases. Just at that time Sewall’ 
published the account of an investigation undertaken with the same 
object and with a similar myograph, in which he found summation of 
maximal stimuli at an interval of only ;,,th of a second. The amount 
of summation, however, showed at first irregularity, and did not increase 
in exact proportion to the increment of time interval, His results as 
to the minimal limit of summation so closely corresponded with those 
obtained with our instrument that our further prosecution of the inves- 
tigation was suspended. But we had never observed the irregularity 
seen in Sewall’s measurements. 7 

About the same time Kronecker and Stanley Hall‘ investigated — 
the truth of Helmholtz’s law of summation. They employed a Du Bois 


Reymond’s spring myograph. They did not attempt to fix any exact 
limit to the interval at which summation can occur, their experiments 
being too few, but they consider that if the second stimulus follows the 
first at an interval shorter than ;}, of a second, its effect seems no 
longer to give rise to definite summation, and they found that a second 


1 Monatsber. d, Berliner Akad. d. Wissenschaft. 1854, 328, 
2 Proc. Royal Soc., No. 219. 1882, 

3 Journal of Physiol., Vol, m. p. 165. July, 1879. 

* Arch, f. Anat, und Physiol. (Physiol. Abth). 1879. 
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stimulus following the first at an interval of 54, second showed abso- 
lutely no strengthening effect on the contraction. These observers also 
met with many irregularities in the results produced by two rapidly 
succeeding stimuli. It sometimes happened that even, with a greater 
interval between the stimuli, smaller “contraction-maxima” were ob- 
tained than with a less interval; and the maximal height of the sum- 
mated contraction might be even lower than that of the single contrac- 
tion. These results were never met with in any experiments with our 
myograph, nor can we conceive that fatigue alone suffices to explain 
the facts just mentioned, though we quite recognize the correctness of 
the law of fatigue applied to summation in the second part of the paper 
in question (p. 36). 

In studying the effect of submaximal stimulation Von Kries and 
Sewall’ met with irregularities, in the case of stimulating currents 
passing through the entire length of the muscle, similar to those found 
by Kronecker and Hall. They found that currents in the same 
direction cause summation at the smallest intervals, but increasing the 
interval is associated with a lessening of the summation effect up to a 
certain point (‘006 to ‘008 sec.); and in the case of opposed currents at 
very short intervals a subtraction instead of a summation occurred when 
the two stimuli were applied.. They confirmed Sewall’s former obser- 
vations made with maximal nerve stimulation, at least with regard to 
currents in the same direction, where they could not find any limit at. 
which summation might not be appreciated in the case of sub-maximal 
stimuli, a fact already recognized by Helmholtz’, 

With regard to maximal stimulation, Kronecker’s and Sewall’s 
workrosaiabiad most conflicting, and it seemed unsatisfactory that so simple 
a question as the determination of the shortest time-interval at which 
maximal stimuli cause summation should not be determined. Since 
the variations in results found by Kronecker and Hall and by Von 
Kries and Sewall did not appear in the older summation-curves 
made in this laboratory, it seemed well to try if they could be induced 
by varying the method used. It was thought that ‘at the same time 
some further evidence on the minimal interval necessary for:summation 
might be worked out. With this object we commenced some obser- 
vations with the pendulum myograph before mentioned, which we 6 think 
exceptionally well suited for this investigation. — 


showed that d variations in the 
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degrees of summation may be made to occur, but our results in this 
respect were far from the same as those obtained by either Kronecker 
and Hall or Von Kries and Sewall and therefore seem worth publi- 
cation, though the explanation of the cause of these variations is still 
occupying our attention and will have to be further studied by some- 
complicated methods. 


Method of Experimenting. 

The experiments were all performed with the gastrocnemius muscle 
of the Rana temporaria during the winter months of 1884-85. 

The stimulating coils were two small induction coils, with moveable 
secondaries, they were very nearly equal in strength and were used 
throughout all the experiments in connection with one pint Daniell cell 
to each primary coil, The primary circuits were broken by the pen- 
dulum opening during its swing two contact keys armed with platinum 
points. One of the keys was fixed, the other moveable by means of a 
micrometer screw, one complete rotation of which corresponded to ‘5 
millimetre. 

A tuning-fork giving 450 double vibrations per second was employed 
to record time, and the frequent use of it. showed that the velocity of - 
the pendulum was constant for the same portion of its arc for successive 
swings. 

The space traversed i in such short periods of time as sala second is 
very small even when using the pendulum myograph at a quick rate 
(15 mm. = 7}, sec.), and it was thought desirable to control the method 
of marking off the interval between the points of stimulation on the 
smoked plate, ordinarily employed in determining latencies, by measuring 
the actual separation of the contact keys with the micrometer screw 
attached to the instrument. Before making use of the reading obtained 
. in this way it is of fundamental importance that the actual zero of 
separation of the keys be known in terms of the scale and micrometer 
screw, and in order to remove mechanical errors as much as possible, the 
interference of opposed induced currents from the coils was employed to 
determine this in the following way. The strength of the induced 
currents from the two coils having been equalized by adjusting the 
distance of the secondary coils from their respective primaries, until 
their stimulating effect was equal, the wires from the positive pole of 
the secondaries were connected to the opposite ends of a muscle 
preparation, the two negative poles being directly connected by a copper 

wire ; if then the primary circuit of both coils were interrupted at the 
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same instant, the induced currents being opposite in direction and 
equal in strength neutralized one another and no contraction resulted. 

In employing this method we found that a separation of 4 of a 
millimetre between the contact keys, corresponding to a time interval of 
s7so0 Of a second at the rate we were then using, gave rise to a distinct 
contraction. Substituting a delicate reflecting galvanometer for the 
muscle preparation even a less separation than the above gave rise to 
distinct deflection, which disappeared entirely only when the two induced 
currents were produced at identically the same instant. This point was 
taken as the zero of interval, — | 

The muscle was always used in a good moist chamber which previous 
experience had shown to be able to keep the tissue well preserved for 
many hours if necessary. The lever was made of two straws separated 
by a distance of 14 inch, where they were attached to a metal axle, 
and converging so as to unite at the writing point which was armed 
with a finely-pointed piece of platinum foil. The weight (20 grm.) 
which exerted only a very moderate traction (c. 3grm.) on the muscle, 
was attached by a string passing over the metal axle which carried 
the lever. This method, first recommended by Fick’, presents many 
advantages over the direct mode of weighting a muscle. The “throw 
up” (Wurf) due to the inertia of the lever is almost entirely elimi- 
nated if the lever be very light, and the double straw arrangement gives 
great lateral rigidity which ensures an even contact with the smoked 
plate with the very slightest friction. 

In the case of indirect stimulation we made use of the same method 
as that employed by Sewall; viz. the sciatic nerve was placed across 
two pairs of non-polarizable electrodes, connected to the two secondary 
coils. Both the primary and the secondary circuits of the two coils 
were thus quite independent of each other. In practice we abandoned 


the use of the troublesome non-polarizable electrodes, which required 


constant precautions to avoid variations arising from changes in the 
clay electrodes themselves, in favour of two pairs of electrodes consist- 


ing of two narrow strips of clean platinum foil, as the former were found 


to offer no sensible advantage over the more simple form. 

_ After much consideration we came to the conclusion that for direct 
stimulation the arrangement mentioned when describing the method 
employed in determining the zero of separation of the contacts, was to 
be preferred to that employed by Von Kries’, in which he used a 


hs 1 Pfliiger’s Archiv, rv. p. 301. 187%: 2 Loe. cit. 
VI. 10 
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secondary coil between two primaries. The objection to the latter 
arrangement is that there appears to be great probability of complex 
- induction effects occurring between the three coils, since they must 
necessarily be used at inducing distances. The method adopted then was 
this :—Two induction coils were placed at a distance of one and a half 
metres apart, and the primary coil of each was connected through the — 
contact key with one Daniell cell. The secondary coil of each apparatus 
was connected with a separate commutator, one screw of both com- 
- mutators being connected directly together by a copper wire, the other 
“free” screw of each commutator was connected with one end of the 
muscle, 

The circuit was thus completed so that the current which had its 
origin in one secondary coil traversed its own commutator, the muscle, 
the other commutator and other secondary coil, returning through the 
other half of the commutators by the connecting wire. By the use of 
the two commutators any direction of current through the muscle could 
be employed at will, without touching the primary circuits. The actual 
current in circulation was in all cases extremely small since the muscle 
has a very high resistance, and stimulations were usually employed 
which were only a little stronger than that required to evoke a maximal 
contraction; we consequently feel justified in assuming that the passage 
of the stimulating current through the secondary coil of the opposite 
inductorium could produce no sensible induction effects in either the 
secondary or primary of that instrument, which, if they occurred, would 
complicate the question. 

The strength of stimulus which was maximal for any given muscle 
was always determined by actual trial, the secondary coils being steadily 
moved up to their primaries until a point was reached which yielded 
a single contraction, the height of which was not surpassed by a further 
increase of strength of the stimulus, Since fatigue, with associated loss 
of functional irritability, modifies the reaction of a muscle to stimuli, it 
was usual to test, after a series of curves had been drawn, whether the 
stimulus which was maximal at the beginning of the experiment 
remained so, or not. 


RESULTs. 
Indirect Stimulation. 


When using indirect stimulation with two pairs of electrodes on the 
nerve a little consideration will show that there are the following possible 
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relations between the two stimuli, in point of time, strength and 
direction : | 
1. The part of the nerve which is first stimulated, i.e. whether the 
first current passes between the electrodes near the muscle or between 
the distant pair. 
2. Whether both currents are of the same strength, or if not, which 
is stronger, a in regard to position along the nerve, 8 in point of time. — 
8. Whether the currents are in the same relative direction, or 


4. In what direction each current travels in the nerve, i.e. ascending 
or descending. 

It will be seen that the an ie of different combinations that are 
possible is very large, and we are still occupied in endeavouring to 
obtain a final solution for those named in No. 4, having already arrived 
at definite conclusions respecting the effects of variations in relative 
time and strength. 


Relative strength of the Stimuli. 


In an early stage of this enquiry it was found, as Sewall had 
previously observed, that “if the experiment began with contractions 
obtained at great intervals, the stimulating keys being gradually 
approached, the increase in the summated over the single contraction 
almost uniformly ceased at an interval of ,1, to 54, second’.” | 

We found however that by increasing the strength of the second 
- stimulus summation could sometimes be made to occur at a less interval, 
and it was also noticed that increasing the strength of both stimuli 
_ failed to have that effect. This result led us to examine more closely 
the effect of varying the relative strengths of the two stimulating 
currents. We then found that two equal maximal stimuli are not the 
most efficient in producing summation at small intervals, but that the 
second should be in all cases somewhat the stronger. As will be 
presently described, we have found that it is not a matter of inconse- 
quence whether the part of the nerve near, or that distant from, the 
muscle be first stimulated, and therefore in order to avoid this 
complication one or two experiments were tried using only one pair 
of electrodes on the nerve, connected to the coils according to the same 
plan as that adopted by us in the case of direct stimulation. 


} Loe. cit. p. 173. 
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‘The following conclusions were arrived at. 


1. That using small time intervals (4, sec.) two just maximal | and 
equal stimuli do not as a rule produce summation. 


2. That increasing the strength of the first stimulus ddouh not 
cause summation. 

3. That increasing the strength of both stimuli by exactly equal 
amounts may cause summation, but it is not certain to do 80. 


4. That if summation be produced by the equal increase of 
both stimuli a further 1 increase of the first stimulus will cause it to 
disappear. 

5. That if after. increasing equally the aaah of both stimuli 
summation be absent it may be produced by diminishing the strength 
of the first stimulus. 

6. That unless the first stimulus is excessive increasing the 
strength of the second invariably gives summation. _ 

The practical application which we deduce from the foregoing 
conclusions is that to obtain summation of maximal stimuli at the 
smallest intervals the second stimulus must in all cases be slightly 


stronger than the first. 


Owing to the circumstance that death of the nerve takes place more 
quickly in that part near its cut extremity than in the part near the 
muscle, we have at present obtained no satisfactory evidence concerning 
the effect on summation of a difference of strength of stimulation of the 
two parts of the nerve; but judging from the close agreement of the 
results obtained in the case of stimulating only one part and stimulating 
two separate parts of the nerve, when the relative strengths were con- 
sidered only with regard to time, we are inclined to believe that a 
difference in strength of stimulation at the two parts of the nerve 
independent of time, is a matter of no importance provided that the 
intrinsic irritability of the nerve remain constant throughout the length 
stimulated. 

_ While engaged in carrying out some of these experiments an 
interesting phenomenon presented itself which, although it does not 
immediately bear on the question of summation, seems worthy of a 
brief record. In the case in point, the nerve had been placed over the 
two pairs of electrodes as above described, but only-the pair near the 
muscle was used to stimulate. After using various strengths of stimula, 
tion a few excessive stimuli were applied and had the effect of “killing 
the nerve” at that point, that is to say the nerve ceased to respond to any 
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strength of current sent through that pair of electrodes. Then, without 


moving the nerve, or indeed opening the moist chamber in which it was 
placed, a very weak current was sent through the pair of electrodes 
distant from the muscle, and excited contraction in a perfectly normal 
manner. After a rest of nearly an hour the part near the muscle was 
still found to be non-responsive to stimuli, whilst the distant part still 
reacted even to weak stimulation. The obvious conclusion to be drawn 
from this result is that a nerve may be rendered incapable of generating 
a nerve impulse in response to stimuli applied locally, and still retain 
its power of transmitting impulses when started in the higher, unin- 
jured portion of the nerve, ie. nearer the centre. It is hoped that | 
extensions of this experiment may subsequently throw some light on the 
difficult questions relating to nerve impulse and negative variation. 


Part of Nerve first Stimulated. 


_ As the two pairs of stimulating electrodes were separated by a 
distance of ‘75 c.m. the time occupied by a nerve impulse traversing 
that distance would be about 3,/,,; second (taking the velocity of 28 
metres per second as the normal rate), and it might therefore have 
been concluded, apart from experiment, that if the part of the nerve 
distant from the muscle were stimulated, and the part near the muscle 
stimulated 5,1, second later, the effects of the two would be fused and 
act only as a single stimulus. In practice it was found that summation 
was usually absent in those cases in which the distant part of the nerve 
was stimulated first even with a time interval of 1, — sh, second, at 
which interval the idea of fusion of the effects in the nerve was no 
longer tenable. . 

The superiority of stimulating the near part of the nerve first over 
the reverse order, as a means of obtaining summation, is clearly indicated 
by the following result: after eight sets of three curves, elicited by 
each single and the double stimulation, had been drawn, using the 
order of the distant part being the first stimulated, without giving any 
indication of summation-—although the direction of the currents was 
varied in every way possible—simply changing the order, viz. stimulating 
the near part of the nerve first, gave rise to a most marked summation. 
Other experiments, made with a view of specially testing this point, 
showed that summation does occur when the distant part is first 
stimulated, but not at very small intervals of time, and where it does 
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occur it is very irregular and uficertain, and may in some cases, as in 
the experiment quoted, wholly fail to appear. 


Direction of Current in the Nerve. 


The questions relating to the effect of different directions of currents 
in the nerve appeared from the first to be very important, and taking 
the case in which the near part of the nerve is first stimulated, it is at 
onee seen that four combinations are possible, viz. 1, an ascending 
current in both parts of the nerve; 2,a descending current in both 
parts of the nerve; 3, an ascending current followed by a descending 
current; and 4, a descending current followed by an ascending current. 

The result of our experiments in this direction may be summarized 
thus: Under the electrical conditions which we have employed two — 
ascending currents in a nerve readily give rise to summation at the 
smallest intervals. Two descending currents usually fail to give 
summation at comparatively wide intervals (z4, sec:). An ascending 
current followed by a descending one gives the same result as two 
descending currents. A descending current followed by an ascending 
one is nearly, if not quite, as effective in causing summation as two 
ascending currents. 

It must be specially remarked that these results were obtained by 
stimulating the part of the nerve near the muscle first, and also 
that our electrical conditions were those described when speaking of 
our method. We are still engaged in considering whether these results 
are to be referred to purely physical conditions or to special properties 
of the nerve, and we are therefore unable at present to give any 
theoretical explanation, or indeed to go beyond the simple statement of 
the facts. 


Minimal Interval necessary for Summation. 


When all the foregoing factors are considered and those conditions 
most favourable for summation are combined, it only remains to deter- 
mine by experiment how small a separation of two stimuli applied to 
the nerve will cause a summated contraction on the double stimulation. 
Thus by stimulating the near part of the nerve first, by using two 
ascending currents, by making the second stimulus slightly stronger 
than the first, we have obtained visible summation at a time ititerval of 
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sta second, or adding the time occupied in the transmission of the 
second stimulus through the intervening part of the nerve, 45 second. 

At zyp second the summation is perfectly definite, amounting in 
some instances to 2°5 millimetres. 

We can thoroughly confirm the point emphasized by Sewall, viz. 
that to obtain summation at the smallest intervals one should com- 
mence with minimal separation of the stimulating keys and work with 
increasing intervals, not the reverse. 

The fatigue which results from the work at the aids intervals 
invariably causes the summation to fail considerably before the miminal 
interval obtained by the first method, and although, as Sewall points 
out, a good rest restores the power of giving summation at small 
intervals, we have not found that the recuperation is ever quite com- 
plete, though in other respects the muscle appears functionally perfect. 

We believe, that the fact that using any one of the unfavourable 
conditions mentioned above will cause summation to fail at small 
intervals, explains to some extent the contradictory and irregular results 
obtained by other workers at this subject; but we are still unable 
to account for some of the recorded observations, for instance, that an 
increase of the interval of stimulation (within the latent period) is 
associated with a fall of the height of the summation curve as 
Kronecker and Hall’ have found, but which we have never seen 
under any conditions favourable or unfavourable for summation. 


Direct Stimulation. 


In the case of stimulating the muscle directly we employed the 
method above described (p. 125), and examined the effect of changing the 
relative directions of the stimulating currents. It was found that two 
currents in the same direction would give rise to summation at smaller 
time intervals than opposed currents; in fact we obtained summation 
at intervals of 5,55 to zs4q second with currents in the same direction, 
whilst the smallest interval observed in the case of opposed currents 
was yi, second, and this was a somewhat exceptional case. The 
agreement of the results obtained using direct, with those obtained with 
indirect stimulation under the favourable conditions, inclines us to place 
additional confidence in their accuracy. 

It is worthy of remark that, although two opposed currents fre- 
quently fail to give rise to summation at small intervals, we have never 


1 Loc, cit. 
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found a lowering of the height of the curve, due to the double sieaiihec 
tion, below that given by the single maximal, at any intervals beyond 
the extremely short period during which physical interference of the 
currents is possible. The subtraction effect observed by von Kries 
and Sewall with submaximal stimulations at a time interval of 0024” 
(circa 74, sec.) we have never witnessed, and we cannot by any means 
obtain subtraction with maximal stimuli at any intervals — than 


second, 


CONCLUSIONS. 


1. When two induced currents, each capable of causing a maximal 
contraction, enter a muscle in opposed directions, the stimulating effects 
are not summated at smaller time intervals than ,}, second. | 

2. When two induced currents enter a muscle in the same direction, 
or two ascending currents enter a nerve, there can hardly be any limit 
fixed as a minimal time interval at which their effect is summated. 

3. Degrees of fatigue which cannot be recognised by the effect on 


_ the general irritability of the muscle or the form of the curve, are suffi- 


cient to prevent stimuli giving rise to summation at small intervals 


4 The most important item in determining the summation of 


_ stimuli applied to the nerve is the relative strength of the first and 


second stimulation. The first stimulus must not exceed the second in 
strength, if summation at very small intervals is desired. : 

5. In stimulating the nerve with our coils two ascending currents 
are more effective in causing summation than two descending currents. 

6. In indirect stimulation summation is soonest arrived at (with 
interval increasing from zero) when the part of the nerve near the 
muscle is stimulated first in point of time. 

7. Beyond the short interval-during which current interference 
comes into play, we do not get a subtraction from the height of the 
contraction given by a single maximal stimulus, with two maximal 
stimuli with any direction of currents. 

8. Increase of interval is never accompanied by a fall in the 
summated contraction, provided the second stimulus falls before or 
within the period of ‘ ascending energy.’ 

9. Having regard to the causes of variation given shoes, we do not 
find a sudden increase in summative effect to be constant at any one . 


period of increment of interval. 
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NOTE ON THE NATURE OF NERVE-FORCE. By HP. 
BOWDITCH, M.D, Prof. of Physiology, Harvard Medical 
School. 


THE principal well established experimental data of which account 
must be taken in every proposed theory in respect to the nature of 
nerve-force have usually been regarded as: Ist The transmission of a 
stimulus along the nerve with undiminished intensity, and 2nd The 


exhaustion of the nerve by continued stimulation. 


Upon the latter point the experiments of Bernstein’ have com- 
monly been considered as conclusive. This observer applied a tetanic 
stimulation to the nerves of two nerve-muscle preparations through one 
of which, at a point on the nerve between the place stimulated and the 
muscle, a constant current of electricity was sent. The stimulus was thus 
prevented from reaching the muscle in one preparation while in the other 
its passage was unimpeded. While the latter muscle therefore was teta- 
nically contracted the former remained at rest. After the contracting 
muscle had become entirely exhausted, the constant current through the 
other preparation was opened and the muscle, which had been previously 
at rest, immediately contracted; thus showing that the nerve had not 
become exhausted by a stimulation which had lasted long enough to 
exhaust the muscle. To determine how long a stimulation was 
necessary in order to exhaust the nerve, this method was not used 
because it was found that after the prolonged passage of a constant 
current through the nerve, the opening of the current of itself caused a 
contraction (opening-betanus) even without any stimulus applied above. 
By other methods however, Bernstein reached the conclusion that a 
nerve may be exhausted by 5’—15’ tetanic stimulation. 

The experiments of Bernstein have recently been repeated by 
Wedenskii* who, by uging a feeble polarizing current and by 


~ frequently changing, its direction, was able to avoid the opening tetanus 


Piiger's Archiv. xv. 
weetd sg Centralblatt fiir die med. Wissenschaften, 1884, p. 65. 
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which had led Bernstein to abandon this method of investigation. 
Experimenting in this way Wedenskii was unable to find any evidence 
of the exhaustion of the nerve even after the tetanic stimulation had 
continued six hours. The opening of the constant current was invari- 
ably followed by a muscular contraction, which was proved to be due to 
the tetanic stimulation applied above by the fact-that, when this 
stimulation was omitted, the opening of the constant current had no 
effect. This unexpected resistance of the nerve to what has been here- 
tofore been supposed to be the exhausting effects of continued activity 
on irritable tissues suggests the question whether a normal nerve fibre 
can be fatigued by any amount of activity; and if this question is 
answered in the negative it is evident that a very important light is 
thrown upon the nature of nerve-force, for nerve-force would thus 
appear to belong to that class of phenomena which may be termed 
- ‘vibratory or kinetic and not to be associated with the liberation of 
potential energy. | 

_ The great theoretical interest which this problem possesses makes 
it desirable to enquire whether the same results can be reached by 
other methods of stopping the passage of the stimulus through the 
nerve to the muscle. The employment of curare for this purpose was 
suggested by Wedenskii, but his experiments, which were made on 
frogs, do not seem to have been successful. In the case of an animal 
poisoned by this drug, a continued stimulation of a nerve should remain 
without effect upon the muscle connected with it as long as the 
animal continues under the influence of the poison, but as soon as the — 
drug is sufficiently eliminated the muscle should begin to twitch. 

The failure of Wedenskii’s experiments on frogs may well be 
supposed to depend upon the slow and uncertain manner in which 
_curare is eliminated by frogs. 

It seemed therefore desirable to investigate the sania upon warm 
blooded animals and the following experiment was performed. 

A cat was etherized and the sciatic nerve divided near the sacrum. 
A pair of shielded electrodes was then placed upon the same nerve lower 
down in the thigh. The tendon of the tibialis anticus was dissected 
out and connected with a lever which recorded the contraction of the 
muscle on the smoked paper covering a cylinder revolving once in twelve 
hours. The secondary coil of an ordinary induction apparatus was then 
connected with the electrodes and the minimum intensity of stimulation 
_ requisite to produce a tetanic contraction of the muscle was determined. 
This was generally found to correspond to a distance between the coils 
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of 30—35cm. The animal then received a dose of curare (0:007—0°01 
gram.), sufficient to prevent muscular contractions, and the irritation of 
the nerve was steadily maintained while the animal was kept alive by 
artificial respiration. In the course of 14 to 2 hours the curare was so 
far eliminated that the stimulation of the nerve which previously has 
been without effect began to produce muscular twitches which, as the 
elimination of the drug progressed, became more frequent and more 
violent. A true tetanus, however, was never observed. 

In some of the experiments a second dose of curare was given, vik 
the muscle began to twitch and the experiment continued till the drug 
was a second time eliminated. In this way it was found that stimula- 
tion of the nerve lasting from 14 to 4 hours (the muscle being prevented 
from contracting by curare) did not exhaust the nerve, since on the 
elimination of the curare the muscle began to contract. 

The results reached by Wedenskii are thus confirmed by a different 
method of investigation; and support is given to the theory that nerve 
force is transmitted by some sort of a molecular vibration after the 
manner of light or electricity. An argument of a negative character in 
favour of this view may be found in the absence of satisfactory evidence 
of chemical change, or of heat production associated with the activity of 
the nerve, showing that no great amount of potential energy is set free 
in the process. 

Physiologists have long been in the habit of comparing nerves 
to telegraph wires, since they seem to be indifferent conductors trans- 
mitting impulses equally well in both directions. | 

It would appear from these experiments that the absence of fatigue 


in consequence of activi iv is another very maannE point of re- 
semblance, 
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SOME NOTES ON THE ISOLATION OF A SOLUBLE | 
UREA-FERMENT FROM THE TORULA UREAE. By 
A. SHERIDAN LEA, M.A, Trinity College, Ca 


(From the Physiological Laboratory in the University of Cambridge.) 


THE researches of Miiller', Pasteur? and Van Tieghem’: proved 
conclusively that the alkaline fermentation of urine is due to the 
presence and development in it of an organism to which, from its 
structural similarity to yeast, the name of Torula ureae was given. For 
a long time the hydration of the urea which is the change fundamentally 
characteristic of the fermentation, was supposed to be as indissolubly 
connected with the vital activity of the protoplasm of which the organism 
is composed as was the complete cycle of changes involved in the 
alcoholic fermentation of sugar with that of ordinary yeast. But just as 
later researches showed that a part at least of the alcoholic fermentation 
is produced by an unorganised ferment, isolable from the yeast, so also 
have subsequent experiments shown that the complete fermentative 
hydration of urea can be brought about = a soluble ferment obtainable 
from the fermenting urine. 

In 1874 Musculus‘ showed that if urine in active sisting fermen- 
tation be filtered through paper, this paper after being washed with 
water till free from any alkaline reaction and dried at 35-——40°C., retains 
a something capable of exciting the alkaline fermentation of urea, He 
described how if this paper thus washed be stained with turmeric it can 
be used as a reagent for urea, for when dipped into a solution of this 
substance, the urea is at once hydrated into an alkaline salt of ammonium, 
which then turns the turmeric to the usual reddish-brown colour 
characteristic of an alkali. This retention of the ferment-powers by the 


1 Jn. f. prakt, Chem. Bd, txxxt. (1860) 8. 467. 
2 Compt. Rend, T. u, (1860) p. 869. 

3 Compt. Rend. T. uviu. (1864) p. 210. 

* Compt. Rend. T. uxxvim. (1874) p. 132. 
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washed and dried paper Musculus ascribed to the presence in its pores 
of the Torulae which had been separated from the urine by filtration. 
In this first communication however he did not make any statements of 
the possibility of isolating an unorganised ferment from the organisms. 
retained by the filter paper. In a letter written to me in 1878 and 
enclosing some. of the reagent-paper described in the communication 
already referred to Musculus recommended that when preparing the 
paper it should be washed with alcohol to remove the adherent alkaline 
‘ammonium carbonate before being stained with turmeric. From this 
remark it was at once evident that an unorganised ferment must proba- 
bly be isolable from the cells of the Torula. If the paper impregnated 
with the ferment does not lose its powers by treatment with alcohol, 
which at once destroys the vitality of any organism, then there must be 
some unorganised ferment-principle adhering to the paper. The isolation 
of a urea-ferment had however been described by Musculus in 
subsequent communications’. In these he begins by referring to his 
first paper, and then at once goes on to state that the best material from 
which to obtain the ferment is the highly alkaline urine occurring in 
cases of catarrh of the bladder. If alcohol be added to some of this — 
urine the mucin is readily precipitated and may be separated by filtration, 
and this precipitate, or an aqueous extract of it, possesses extraordinarily 
active ferment powers. Moreover from this aqueous extract an amor- 
phous substance with all the characteristics of the ferment can be isolated 


by the usual method of precipitation with alcohol. The point however 


to which I wish to draw more immediate attention is the remark made 
by Musculus that the above precipitate from the mucous urine does 
not contain any ferment cells such as are present in urine which has 
passed into alkaline fermentation by exposure to the air. Hence his 
work rather proved the isolability of the unorganised ferment from 
mucous urine which contains no ferment-cells, than from the substance 
of the cells themselves. It seemed then worth while to try and prove 
more conclusively that an amorphous ferment can be isolated from the 
cell-substance of the Torula itself. It is certainly of importance to 
determine as far as possible in every case of ferment action which is 
dependent on the presence of an organism, whether the change is part of 
the nutritional life-history of the organism or dependent upon some . 
isolable, unorganised principle contained in its protoplasm. 

When urine is exposed to the air it usually, but not invariably 


1 Compt. Rend, T, uxxxm. (1876) p. 383, Also in Pfliiger’s Arch. Bd. xm. 1876, 9. 214. 
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enters sooner or later into a state of alkaline fermentation. Having 
obtained such fermenting urine I examined the sediment in it until I 
observed a copious development of the Torulae. In order to get rid of 
the somewhat bulky precipitate of salts of which the sediment is largely 
composed, and on the supposition that the ferment, being soluble, would 
be present in the supernatant fluid, I filtered the urine and precipitated 
the filtrate with an excess of alcohol. The precipitate thus obtained 
was washed with alcohol till quite white and then allowed to dry in the 
air. To my surprise I failed entirely to get any satisfactory ferment 
- action either from the aqueous extract of this precipitate or from the 
precipitate itself when mixed with a dilute (2°/,) solution of urea and 
kept at 38°C, I repeated the above experiment several times but 
always with the same results. At first I was inclined to think that the 
Torulae do not contain any soluble ferment at all analogous to that 
which is certainly present in solution in, and cannot be removed by 
filtration from, mucous urine. The fact is however that the ferment of 
the Torulae though soluble is not to be found in any appreciable quantity 
in the fluid surrounding the cells,even during an active alkaline fermen- 
tation of urine, and hence the failure of my attempt to isolate it by the — 
above method. If instead of filtering the alkaline urine it is precipitated 
as a whole with alcohol and the precipitate is thoroughly washed with — 
strong alcohol and dried, this precipitate possesses extremely active 
_ ferment powers: a small quantity of it introduced into a neutral 2°/° 
solution of urea and kept at 38° C. leads to a development of a strong 
alkaline reaction in a few minutes, and in a very short time a powerful 
odour of ammonia is evolved. If this precipitate be extracted with 
distilled water and filtered a perfectly clear filtrate is obtained with a 
slightly alkaline reaction ; this filtrate possesses almost equally with the 
original precipitate the power of rapidly inducing an active fermentation 
of urea. That the action of this solution is due to a true ferment is 
shown by the fact that its activity is directly dependent upon tempera- 
ture, as in the case of ail other ferments, and is at once permanently 
destroyed by boiling, or even prolonged heating to a lower temperature, 
such as 80° or 85°C. The alcoholic precipitate from the unfiltered urine 
consists chiefly of various salts together with the cells of the Torula, 
hence when treated with water some of the salts are dissolved and pass 
with the ferment through the filter. If this first aqueous extract of the 
ferment be again precipitated with alcohol a portion of the salts'is again 
removed, and if this second precipitate be several times redissolved in 
water and reprecipitated with alcohol, the body with the ferment proper- 
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ties can be ultimately separated in what may be regarded as a fairly 
pure condition. Working in the above way I have isolated a small 
quantity of the ferment. Like other ferments similarly prepared it is an 
amorphous white powder soluble to a clear solution in distilled water 
and not characterised by any special chemical reactions: I have not 
succeeded in obtaining it in a condition such that it will not give a 
distinct, but faint xanthoproteic reaction. Its specific characteristic is 
its power of rapidly inducing the hydration of urea with the accompany-_ 
ing alkaline reaction, and finally the odour of ammonia. The deduction 
from Musculus’ statements is thus confirmed, and there is no doubt that 
an amorphous ferment can be isolated from the substance of the organisms 
which induce the alkaline fermentation of urine exposed to the air. I 
have not found that the ferment differs in any important respects from 
the description given by Musculus’, and which I suppose refers to the 
ferment as isolated from ‘the precipitated mucin of mucous urine free 
from organisms. 

To return now to the statement made above as to the non-existence 
of the soluble ferment in the fluid surrounding the cells during an active 
fermentation. This is a point of some interest, since if proved it would 
show that the cells do not produce the fermentation by excreting the 
ferment into the surrounding fluid; the soluble ferment, whatever be the 
part it plays in the process, seems to be retained in the cells, although it 
can be separated from the cells after they have been killed by treatment 
with alcohol. 


I have thoroughly satisfied weal that the ferment is ‘iets retained 


by the following experiments. Urine in active alkaline fermentation 
was passed several ‘times through 12—15 thicknesses of fine filter paper, 
and a perfectly clear filtrate was obtained in which no Torulae could be 
seen under the microscope. To this filtrate I added very dilute acetic 
acid until it was neutral to delicate litmus paper. The addition of the 
acid causes a copious evolution of carbonic acid. In order to prevent 
the reaction becoming again alkaline by the gradual expulsion of that 
portion of this carbonic acid which is retained in solution, and which 
comes off when the fluid is warmed, I extracted the carbonic acid by 
exposure to a good vacuum. On removing the carbonic acid in this way 
the solution generally becomes slightly alkaline again, and requires 
neutralizing by a little more of the dilute acetic acid. In this way I 
finally obtained the filtered urine in a — clear neutral condition : 


Arch. loc. cit. 8, 216, 217, 
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to a portion of this I added 2°/, of urea and placed it, together with an 
equal bulk to which no urea had been added, in a water bath at 38°C. 
Both portions remained neutral even after they had been warmed for 
six or eight hours. In: some cases where they were left in the bath all 
night, I found next morning that they were both faintly alkaline but 
equally so, In no case have I succeeded in getting any rapid production 


- of an alkaline reaction, characteristic of a distinct ferment action. 


Portions of the urine treated as above and boiled will frequently become 
faintly alkaline if kept for 24 hours in a water-bath at 38° C. 

I next filtered the urine through a porous battery-cell according to 
the well-known method used for the separation of the fat globules from 
milk, and with the perfectly clear filtrate thus obtained I made 
experiments similar to those just described and with the same negative 
results. 

I then filtered a large bulk of the urine either through paper or the 
porous pot as above described, and precipitated the filtrate with an 
excess of alcohol. The precipitate thus obtained is much less bulky than 
that which the unfiltered urine gives: it differs moreover from that 
obtained from the unfiltered urine in that it is entirely soluble in 
distilled water, yielding a clear faintly yellow solution. I took a portion 
of this precipitate from the filtered urine, dissolved it in water and. 
divided the solution into two halves; to one I added 2°/ of urea and 
placed them both in a water-bath at 38°C. The uniform result of a 


number of experiments thus made was that after several hours no change 
could be detected in either portion; in no single case could I detect any 


marked alkalinity, still less, even after prolonged digestion at 38°C., any 
odour of ammonia characteristic of the ferment action. I thus failed 
entirely to isolate any ferment from the fluid surrounding the organisms, 
although I obtained it in every case from the residue in which the 
organisms themselves are present. ; 

This retention of the soluble ferment by the organism seemed so 
surprising that I determined to see whether any analogous case exists 
with other ferments, and I turned at once to ordinary yeast, with its 
inverting ferment, as likely to throw some light on the question. The 
following are the experiments I made. 

I took fresh active yeast and separated the cells as completely as I 
could from the fluid surrounding them by filtration through paper and 
the use of a centrifugal machine. The filtrate thus obtained I then 
filtered again through a porous battery-cell, the final product being 
absolutely free from any cells of the Torula. The yeast-cells which had > 
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been separated were then treated with alcohol, snd after some days 
the alcohol was removed, the residue washed on the filter with alcohol 
and dried in the air. I next precipitated with alcohol the fluid part of 
the yeast, freed as above described, from the cells of the Torula: the 
precipitate yielded by this treatment was relatively small in amount, 
and was washed with alcohol and dried in the air. I had thus prepared 
(a) the cell substance of the Torula, (8) a precipitate of any ferment 
which might be present in the fluid surrounding the cells. On treat- 
ment of the dried cells with water an opalescent extract was obtained, 
which by filtration through several thicknesses of fine paper became 
absolutely clear, On adding this extract to a solution of cane-sugar 
and keeping the mixture at 38°C. the sugar was more or less rapidly 
inverted. I never failed to obtain this inversion by means of aqueous 
extracts of the dried cells, Working in the same way with the alcoholic © 
precipitate from the fluid portion of the yeast, I was absolutely un- 
successful in obtaining any inversion of cane-sugar by its action. The 
alcoholic precipitate is almost entirely soluble in water, and on adding 
some of this solution to a solution of cane-sugar, I did not notice any 
appreciable diminution of the dextro-rotatory power of the mixture, still 


less any inversion, even when I kept the mixture at 38°C. for 24 hours. 


In addition to the above experiments I added some fresh active 
yeast to a solution of cane-sugar, and when the fermentation was com- 
pleted I separated the cells from the surrounding fluid in the way already 
described. A portion of the fluid thus freed from the cells was then 
added to some solution of cane-sugar, the mixture was dextro-rotatory 
and remained so even after digestion for 24 hours at 38°C. 

Two possible objections to the above results suggest themselves. It 
is in the first place possible, though highly improbable from what we 
know of the action of other ferments, that the invertin might be sent 
out from the cells into the surrounding fluid and be used up during the 
inversion it produces, and that hence it is not obtainable from this 
fluid. Or again it is just possible that the yeast-cells themselves might 
have used up the invertin for their own nutrition. Neither of these 
views is however permissible. I have found that after the inversion of 
one portion of cane-sugar, the invertin is able to bring about the 
inversion of a second portion with equal readiness, Finally, if some 
solution containing invertin is added to some ordinary yeast, and this 
yeast is used to carry on the alcoholic fermentation of sugar, in this case 


the invertin is still present in the fluid surrounding the cells after the 


fermentation is complete, 
PH. VI, 11 
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The invertin of ordinary yeast resembles then the urea ferment. of 
the Torula ureae, inasmuch as that though soluble and capable of being 
isolated by appropriate methods from the dead cell-substance, it is not 
present in the fluid surrounding the cells during the progress of the 
changes which they produce, 

I think that the explanation of this retention of the soluble fement : 
of the cells is as follows. All ferments as far as we know are non- 
diffusible, and by analogy so also are the urea-ferment. and the invertin. 
Both the Torula ureae and the ordinary Torula of yeast are structures 
inelosed in_a eomplete delicate cellulose membrane, and through this 
membrane the non-diffusible ferments are unable to pass. When the 
cells are killed and the protoplasm is broken up by the action of alcohol, 
the above conditions no longer exist, and the ferment. is then capable of 
being extracted by an appropriate solvent. This retention of the 
invertin by the cells is in complete accordance with a statement made 
by Hoppe-Seyler*.. 

While working on the separation of the invertin from the yeast 
cells, I found with Barth’ that the somewhat complicated process 
described by Donath’ is not requisite in order to obtain the body. It 
is only necessary to treat the yeast-cells for several days with strong 
alcohol, and then to remove the alcohol by filtration and dry the mass 
left: on the filter. When treated with water for a few hours at. 835—40° C. 
a strongly opalescent solution is obtained, which by filtration through 
four or five thicknesses of fine filter paper becomes quite clear. This 
clear solution yields, on the addition of an excess of alcohol, a floceulent 
precipitate which consists to a considerable extent. of the ferment body. 
By re-solution in water and re-precipitation with alcohol it forms a white 
powder, readily soluble to a clear solution in distilled water. I have not 
obtained it free from proteid (Xanthoproteic) reactions. 


1 Nat.-forsch. Versamml. zu Rostoch, See Ber. d. deutsch. chem. Gesell. Jabrg. 1871, 8. 
810. : 
2 Ber. d. deutsch. chem. Gesell. Jairg. 1878, 8.474. See also Kjeldahl. Abstr. in Maly’s 
Jahrebericht. Bd. x1. 1881, 8. 448, aud A. Mayer, Zeit. f. Spirit-Indust. 1881, No. 16. 
8 Ber, d. deutsch. chem. Gesell. Jabrg. 1875, 8. 795. 


Aprit, 1885, 
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ON THE SUPPOSED CATALYTIC ACTION OF IN. 


- SOLUBLE REAGENTS. By JAMES BLAKE, MD., 
FRCS. 


Iy a paper published in this Journal Vol. V, p. 124, I stated inci- 
dentally that the fact of some of the substances experimented with 
producing their physiological effects when introduced into the blood in 
an insoluble state would indicate that their action was connected with 
catalysis. On repeating the experiments which led.to this conclusion I 
at once found that the facts which had been observed admitted of a 
different explanation. My attention was first directed to these pheno- 
mena when experimenting with the ceric sulphate, a salt which is almost 
completely decomposed by water with the formation of an insoluble sub- 
salt. When injected into the blood it proved itself exceedingly poisonous. 
Precipitated alumina was then tried; and here death was caused after . 
a second injection of ‘010 Al,O, into the vein, the peculiar physiological — 

action of this class of substances on the heart being produced. Recently 
precipitated Fe,O,, when injected into the veins in small quantities 
(010) was instantly fatal. The experiment with barium I find on again 
referring to my notes furnished a negative result, the insoluble sulphate 
producing no effects, The experiments were made nearly twenty years 
ago and had been almost forgotten. In carelessly looking over my 
notes I did not observe that, in the experiment alluded to, in the second 
injection the BaCl had not been precipitated by NaSO, so that the 
effects that followed were due to the injection of the soluble chloride. 
On repeating the experiments I find that the insoluble salt gives rise to 
no physiological reactions, the animal not being affected by two injec- 
tions each containing ‘10 BaSO,, nor did any after effects follow although 
the animal was kept for two weeks. A microscopical examination of 
the precipitates explains the difference in their physiological action. 
The state of aggregation of the precipitated Al and Fe was very different 
from that of the Ba precipitate; for whilst the two former precipitated 
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were in flakes measuring from 20 to 30, across, the particles of the Ba 
precipitate measured but 054. The alumina and ferric precipitates 
would thus prove fatal by causing embolism in the pulmonary capil- 
laries. That the physiological action of alumina followed the injection 
of the precipitate into the veins is explained by the first injection not 
having been large enough to arrest the pulmonary circulation, so. that 
the flakes of the precipitate which had been stopped in the pulmonary 
capillaries gradually became dissolved by the blood (Al,O, being soluble 
- in alkaline fluids) and thus caused its physiological reactions. The 
second injection arrested the circulation. The action of the apparently 
insoluble ceric sulphate is explained by the fact that the salt is decom- 
posed by water, a small portion of an acid salt remaining in solution 
(about 4); and it was this small portion that gave rise to the physio- 
logical effects. 

Note, When these experiments were made I had not discovered 
- the connection between atomic weight and physiological action, and did 
not suspect that so small a quantity as was dissolved of apparently so 
inert an earth as cerium could give rise to any marked reactions, The 
fact that the ceric’salt is so much more poisonous than I had suspected 
removes at least one apparent exception to the connection of toxic 
action with atomic weight. My former experiments had led to the 
conclusion that the ceric salts were less poisonous than the ferric salts 
although the atomic weight of the former was higher, It however is 
now evident the ceric salts are the more poisonous, | 


San Franorsco, Canrrornia. 
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NOTE ON THE CAUSE OF THE FIRST SOUND OF 
THE HEART, By GERALD F. YEO, MD. anv J. 
W. BARRETT, M.B, (Melbourne). From the Physiological 
Laboratory of King’s College, London. 


FEELING sure of the accuracy of the conclusion drawn by Halford - 
concerning the causation of the first heart-sound, one of us wished to 
convince the other, who was sceptical, of the soundness of these views. 

With this object it was proposed to demonstrate, as Halford is said 
to have done, directly on the living animal, that when the veins 
leading to the right auricle were clamped outside the pericardium, 
after a beat or two the first sound ceases although the contraction 
continues, i.e. there is muscular contraction but no sound. 

Since the experiments have disproved this statement, and resulted 
in effecting complete unanimity between two observers previously preju- 
diced by opposite convictions, it may be worth while to publish our 
experiences in the hope of adding some truthful evidence upon & — 
question. 


I. 


A large well-nourished male cat was thoroughly verse om supplied 
with artificial respiration; the thorax was then opened by an extensive medial 
incision, without, injury to the pericardium. The superior and inferior ven 
cavee were seen on pushing the heart gently to the left side, and the fingers 
and thumbs were placed in such relationship to. these vessels that they could 
be easily compressed. A binaural flexible stethoscope was then gently applied 
to the anterior surface of the pericardium, Three observers having familiar- 
ized themselves with the cardiac tone, the veins were repeatedly compressed 
for each of them ; they all noted that the sound became gradually slightly 
diminished, but compression of the veins could not be continued sufficiently 
long ‘to cause the to become as as ‘the heart 
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_ This failure to reproduce Halford’s results, it was suggested, might be 


attributed to the fact that the great azygos vein had not been tied, and it was — 


conjectured that sufficient blood could enter by it to produce tension of the 
valves, Further evidence was therefore sought for, as follows :— 

The heart was rapidly removed from the animal, while the veins were 
kept compressed, by cutting through all the great vessels at some distance 
from the organ. It was held in the hollow of the hand surrounded by warm 
salt solution, in which position it continued to beat vigorously for eleven 


minutes, Each of three observers again satisfied themselves that the charac- 


teristic tone of the first heart-sound was audible, and could not be confounded 


with the noises produced by the friction of the heart against the hand, 


or the occasional ore, of the stethoscope, which were also distinctly 
heard, 

It could hardly now be argued that sufficient fluid remained in the 
ventricles to enable the valves to be made tense during the systole, 

- The conclusions drawn from Ludwig and Dogiel’s’ classical work may be 


thus readily confirmed with the advantage that the vessels not being ligatured 


no fluid was retained for any length of time in the ventricles, and thus an — 


objection which has been urged against their method was removed. 


The only point requiring special attention in removing the heart is, that 


the larger veins should be so held that no air be allowed to enter them when 
they are severed. This can be easily done by gently clamping their union to 
the auricle between the opposed surfaces of the first and second fingers of the 
left hand during the removal of the organ. The ventricles thus naturally fall 
into the hollow of the hand, and are guarded from injury from the = 
instrument applied at the dorsal aspect of the fingers. 


Experiment II. 
A strong young active mongrel of the bull-terrier type was put under 


medial incision extending from the manubrium to some distance below the 
xyphoid process. The heart in the uninjured pericardium was held gently 
towards the left side, the upper lobe of the right lung was slightly adducted 
and depressed, and a ligature placed on the azygos vein at its entrance into 
the auricle. The ven cave were now compressed as before, and the heart 
was observed to empty itself completely, as far as could be judged from 
without. A flexible binaural stethoscope was now applied to the anterior 
surface of the pericardium, just as in the former experiment. 


Berichte ii. a. Verhandl. d. k. Gesellschaft d. 1868, 
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chloroform, supplied with artificial respiration, and the thorax opened by a 
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_ Openings were rapidly separated from the ventricles by a stroke with a sharp 
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Four independent observers' were then able to satisfy themselves that the 
diminution in the first heart-sound. did not at once accompany the clamping of 
the veins. 

For the first two or three beats after the compression had been applied a 
very gradual and slight falling off of the tone could be recognised ; not until 
about the 5th or 6th beat was the tone considerably lessened in intensity, and 
though always audible it continued to diminish as long as the ventricles were 
deprived of their blood. When the pressure was removed from the vene 
cave the heart was rapidly filled from the turgid vessels, and the maximum 
intensity of the first sound was arrived at in the 2nd or the 3rd beat after 
they were let free, that is, rather sooner than the tension in the left ventricle 
could have attained its normal height, for the vessels of the anemic lung had 
first to be filled before the left side of the heart was thoroughly supplied with 
blood, 

The veins could not be kept-closed for longer than 10 or 15 beats without 
producing considerable disturbance of the heart’s action and of the arterial 
blood -pressure. A more or less diminished tone was distinctly heard with 
every ventricular systole. 

The heart was then rapidly removed from the body, and held in the hollow 
of the hand, surrounded with warm salt solution ; it beat vigorously while the 
four observers satisfied themselves that the peculiar tone of the first heart- 
sound was distinctly audible. 
As it was deemed possible that a small quantity of blood might yet be 

retained ‘and pressed against the valves, it was determined to eliminate this 
possibility in the following way. The auricles and auriculo-ventricnlar 


knife. The separated apex continued to beat, at first automatically, and 
subsequently in response to a light touch of the handle of a finder. The tip 
of the forefinger being placed in the cavity of the left ventricle, and the apex 
bathed in clotting blood, the stethoscope was applied to its surface. Each of 
the four observers was assured that a sound like the characteristic heart-tone 
was audible, when the valveless apex contracted. The character of this tone 
was easily distinguished from the other sounds which accompanied the 
external friction. 

The feeling of pressure communicated to the finger tip, by this little 
thimble-like portion of muscle during its failing contractions, was very slight 
and could not have given rise to such tension of the mass of soft tissue as 
would be sufficient to produce a tone. 


1 One of these observers, though familiar with the use of the instrument and accustomed 
to form accurate judgments on scientific subjects, was quite unaware of the question under 
discussion, His independent description of his sensations exactly acwimmas. with that 
of the other observers, 
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In all stages of these experiments the quality of the tone was not 
heard to vary under the most diverse circumstances, even when its 
intensity was materially influenced. This unchanging character seemed 
to indicate that the sound depended upon a constant cause, possibly 
some occurrence inseparable from the contraction of the muscle tissue. 

No marked change in quality was observed in the sound accom- 
panying the Ist or 2nd beats that followed the closure of the veins, and 
the diminution in intensity seemed rather to depend upon the disturb- 
ance of the blood pressure and nervous mechanisms than to follow the 
diminution of the amount of blood in the cavities of the heart. 

The latter fact alone was not sufficient to justify the exclusion of 
the valves from participation in the causation of the tone, since the 
powerful left ventricle must have received a considerable quantity of 
blood from the lungs after the right side was empty, and the mitral 
valves could therefore have been made tense; but the gradual diminu- 
_ tion of intensity of the systolic tone reminded one of the slow fading 
away of the first heart-sound observed in fever patients, which was 
long ago put forward by Stokes’ as evidence that this heart-sound 
owed its production to the muscular contraction, and therefore varied 
in intensity with the vigour of the heart. It no doubt diminishes 
remarkably under malnutrition, and disappears while the heart is still 
able to overcome the arterial pressure and pump the blood onward, 
tightening the auricular valves, Though the loss of suddenness in con- 
traction and consequent slower tension seems hardly sufficient to account 
for the complete loss of the first sound, the “silent heart beat” of mori- 
bund typhus cases, even where no trace of the first sound can be heard 
for days together, while the second may yet be distinguished, is by no 
means conclusive evidence that the tension of the auriculo-ventricular 
valves takes no part in the production of the first sound. | 

In the present unsettled state of our knowledge concerning the tone 
said to be produced by the continuous contraction of voluntary muscles 
no attempt can be made here to give an explanation of the sound heard 
during the single beat of the ventricular apex. | 

The following conclusion may be drawn from this observation. 
A definite and characteristic tone similar in quality to the 
first sound is produced by the heart-muscle under circum- 
stances that render it impossible for any tension of the valves 
to contribute to its production. 


1 The Diseases of the Heart and the Aorta. ‘ Dublin, 1854, p. 129. 
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At a meeting of the Physiological Society’, an attempt was made to 
demonstrate this apex-tone. Though not as successful as the former 
experiment, owing to the accidental admission of air into the heart 
cavities during the removal of the organ, several members were able to 
satisfy themselves of the similarity of the tone produced by the apex 
with that heard with the naked heart in situ or when cut out. 

The want of accord between these observations and those of Halford 
probably may be attributed to his using the old form of rigid stetho- 
scope, with which the motions of the heart rendered accurate contact 
impossible and auscultation difficult. 


1 Cambridge, May 9, 1885 
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AN EXPERIMENTAL INVESTIGATION TO ASCERTAIN 
' THE ACTION OF VERATRIA ON A CARDIAC CON- 


TRACTION, By SYDNEY RINGER, MD., FRS, Professor 
of Medicine at University College, London. Plate If 


In a muscular contraction three distinct forms of molecular change 
are obvious; namely, the changes occurring during the latent period ; 
the changes which ensue during contraction, and the changes causing the 
dilatation. 

Those molecular changes which lead to dilatation are generally. 


considered restorative or reparative ; they prepare new material for the 


ensuing contraction or remove waste products which would retard or 

prevent contraction ; or they consist of both these processes combined. 
With a skeletal muscle, it is evident that two sets of changes occur 

during relaxation—changes which permit relaxation and changes which 


_ prepare the muscle for a subsequent contraction. These changes can be 


partly dissociated, for with a fatigued muscle the amount of the con- 


traction, the strength of the stimulus remaining the same, depends 
greatly on the interval between the contractions. If the interval 
is short the contraction is weak ; if the interval is long the contraction 
is much stronger, and its wigonath is in proportion to the length of the 
interval between the contractions. 

As might be experved cardiac muscle undergoes the same series of 


_ change, and in this paper’ I shall show that the reparative changes, which 


prepare the muscular tissue for another contraction, can by various 
means be delayed and more or less dissociated from dilatation. I shall 


show that veratria retards these reparative changes to such an extent 


that the dilatation may be complete, but if another contraction imme- 


_ diately follows it will be very weak, so weak indeed that it may be 


scarcely evident, either by the eye or by the graphic method; and I 
shall show that the strength of the contraction is in proportion to the 
diastolic pause, and that in some cases, this must persist for a minute 
before the completion of the reparative changes necessary to produce a 
perfect contraction. 

Opium and morphia and potash and other salts act in the same way, 


1 These experiments were made with Roy’s tonometer and the ventricle was fed with 
a circulating fluid composed of 100c.c. saline solution, -6°/, containing 1c.c. of sodium — 
bicarbonate, 1 c.c. of calcium chloride, and *75 c.c. of potassium chloride 1 °/, solutions. 
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though in a less degree. Exhaustion likewise retards these reparative 
changes, dilatation remaining unaffected. 

Veratria causes irregularity in rhythm, and irregularity in force of 
the contractions through its effect on rhythm. The earliest effect is the 
occurrence of two contractions, one quickly following the other, and 
then occurs an interval, very variable in duration, again followed by two 
beats in quick succession. The strength of the contraction and its 
duration are in proportion to the diastolic interval. The second of the 
two contractions which occur close together, is often much weaker than 
the first when it is preceded by a long diastolic pause. 

Fig. 1, Pl. IL. shows this influence of veratria in a ventricle only very 
little affected by it. The irregularity of rhythm is very slight, the 
difference in time between the beats being very small. 

_ Every alternate beat is stronger than the intermediate beat, and it is 
evident that the duration of the contraction is in proportion to the 
diastolic pause preceding it. 

When the effect of veratria is more marked, the dependence of the 
strength of the beat on the length of the diastole becomes still more 
apparent, as is shown in Figs. 2 and 3. In both these traces the 
contractions were much reduced in strength, but after a sind apatanie 
pause the ensuing beat became much stronger. 

Indeed this influence of veratria is often still more marked, as 
Fig. 4 shows. 

Here the ventricle beat heise and the trace was reduced toa 
wavy line; (see A). The contractions then ceased entirely for about 
@ minute and there occurred the strong contraction shown in B; but 
this was followed by frequent contractions permitting of very little 
reparative change, and consequently the beats were again reduced to a 
wavy line and indeed are scarcely distinguishable in the trace. 

We see then that the amount of the contraction in a ventricle 
poisoned with veratria depends on the length of the diastole. If the 
dose is large then the reparative changes are so slowly performed that 
a long diastole is necessary to the production of a contraction of normal 
strength. In the early stages of veratria poisoning, the rate only 
(rapidity not the amount) of these reparative changes is affected, and 
provided the diastole is auiicsently prolonged, the ensuing beat will be 
strong and complete. 

Potash salts also lessen the reparative ieee: whilst at the same 
time they greatly diminish the strength of the contraction no matter 
how long the diastole lasts ; see Fig. 5. A gives the contractions when 
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the ventricle was supplied with circulating fluid. At B is seen the 
effect of 15 c.c. of 1°/, solution of potassium chloride added to 200 c.c. of 
circulating fluid. The beats are weaker and their strength depends on 
the duration of the diastole, although even when this is prolonged, the 
contraction is feebler than with the unpoisoned ventricle. Potash salts 
then both delay restoration and lessen the amount of contraction. This 
diminution in the amount of contraction may be due to diminution in 
the amount of restoration or it may be due to potash salts depressing 
the conditions that favour the molecular changes undergone during a 
contraction. If potash salts act by lessening the amount of reparation, 
then a potash salt is an example of a drug that not only retards, but 
lessens the amount of reparation. 

Morphia and extract of opium in large doses csi the reparative 
changes whilst they also somewhat weaken the amount of contraction. 

With a weak heart as of an exhausted sickly frog kept for instance in 
the tanks for some time in hot weather, I find the reparative changes 
delayed; see Fig. 6. In this frog, the ventricle was very weak and did 
not completely contract. The contractions were all excited by induction 
shocks. The trace is much like that given by a veratrized heart. If 
the interval between the contractions is short, then the ensuing con- 
traction is weaker; but if the interval is longer, then the following beat 
is much stronger. Trace B was taken fifty minutes after A. ; 

_ The independence of those molecular changes which occur at the 
termination of a contraction (and which cause dilatation) from the 
reparative changes is well shown by the action of lime on the ventricle. 
Calcium chloride, added to saline solution, greatly delays dilatation, but 
does not in any degree delay the reparative changes, so that no matter 
at what period the excitation is made, the succeeding contraction is 
complete, even though the excitation is applied before dilatation is 
finished. Here then we have a drug which like veratria retards those 
molecular changes that lead to dilatation, but unlike veratria in no 
degree lessens the rapidity of the reparative changes. 

What is the nature of the changes occurring during the reparation? — 
Are they constructive whereby. material is prepared for a subsequent — 
contraction? Or are waste products which prevent or lessen contraction 
removed? Or do both these processes take place? These experiments 
suggest that the reparative changes consist in part at least in the 
removal of products prejudicial to contraction. 

We have seen that under the influence of veratria the strength of 
the contraction is in proportion to the preceding diastolic pause: but 
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this is not the only condition which regulates the strength of the 
contraction, for, given the same length of diastolic rest, the strength of 
the subsequent contraction depends on the strength of the preceding 
contraction. If a contraction is feeble then the products are less and 
their removal requires a shorter time, whilst if the contraction is strong 
the products of destruction being greater require a longer time to get 
removed, So that the greater the contraction, the weaker the sub- 
sequent contraction, the diastolic pause being the same. 

We have seen that both veratria and potash salts retard the 
reparative changes, veratria more so than potash, and yet when these 
substances are both added to the circulating fluid they do not in this 
respect intensify each other's action, but distinctly antagonize each 
other, the reparative changes occurring much more rapidly after the 
addition of potash to the veratrized circulating fluid. We have then 
another instance of drugs having a common action; and yet when both 
are conjointly added to the circulating fluid one antagonizes the other in 
respect of this common effect. 

Veratria then affects a muscular contraction in various ways. It 
has but little effect on contraction, rather favouring it, but it greatly 
delays dilatation and protracts the beat. It often causes irregularity of 
rhythm, and after large doses to a very marked extent. It greatly 
retards reparation, and as the beats occur at irregular intervals, the | 
strength of the contractions vary accordingly. Further after large doses 
_ veratria induces marked incoordination of the muscular tissue; some 
portions are contracting whilst other portions are dilating. 


EXPLANATION OF PLATE IL 


Fig. 1. Early effect of a small dose of veratria, affecting rhythm, and so 
affecting the strength and duration of the contraction. 

Figs. 2 and 3. More marked action of veratria. _ 

Fig. 4. A shows the effect of veratria on a ventricle beating frequently. 
The contractions were so weakened that the trace is reduced to a wavy line, 
The contractions then ceased for about a minute and then there occurred a 
strong contraction shown in B, again followed by frequent contractions 
scarcely visible in the trace. 

Fig. 5. A. <A trace of the ventricle fed with circulating fluid. 

B. A trace after the additions of 15¢.c. of 1°/, solution of potassium 
chloride to 200 c.c. of circulating fluid. Each contraction is due to an electric 
stimulation. 

Fig. 6. Weak Heart of sickly ae ; contractions induced by repeated 
induction shocks. 
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CONCERNING THE ACTION OF SMALL QUANTITIES 
OF CALCIUM, SODIUM, AND POTASSIUM SALTS 
UPON THE VITALITY AND FUNCTION OF CON- 
TRACTILE TISSUE AND THE CUTICULAR CELLS 
OF FISHES. By SYDNEY RINGER, M.D., F.RS., Pro- 
fessor of Medicine in University College, London, anv DUDLEY 
W. BUXTON, MD., BS., MRC.P., Assistant to the Professor 

of Medicine in University College, London, 


_ In previously published papers we have shown that very minute 
quantities of Potassium and Calcium Salts possess the power of 
influencing the contractility of the heart. We have pointed out that 
even so minute a quantity of Potassium chloride as 1 in 15,000 
and of Calcium chloride as-1 in 10,000 is capable of promoting the 
normal cardiac contractility provided they are brought into contact 
with the heart ventricle in the presence of a simple [$°/,] saline 
medium. We do not even attempt to explain in this place how such 
minute quantities of inorganic salts can influence so profoundly the 
organised structure of the heart. However, it may be said that it does 
not seem improbable, that the salts do not enter into direct combination 
with the molecules of the muscular tissue; and further that if any 
combination exists it is of an extremely loose character since the salts 
are easily dislodged and washed away by the mere circulation of a 
fluid devoid of these salts. 

But it appears necessary, in order that contraction should tak 
place, that minute quantities of these salts should be present in the fluid 
environing the muscular tissue. The same condition also obtains for 
plants. Thus we read: “ Whilst carbon, hydrogen, oxygen, nitrogen and 
sulphur mainly comprise the organised parts of a plant,—potassium, 
calcium, magnesium and iron are of less importance if only in conse- 
quence of their much smaller quantity; they appear to promote 
chemical decomposition and combination in plants in consequence of 
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which the far more abundant combustible principles are constructed out 
of the first named five elements,’ ” | 

We thought that since extremely small quantities of these salts 
when in contact with muscular tissue produce remarkable effects, and 
affect in some way the molecular changes occurring during contraction, 
that it would be well to ascertain how distilled water would behave 
toward protoplasm. Distilled water being purely negative as regards 
salts would we should expect either be passive or possibly possess an 
action which would be more or less masked in the presence of salts. 
To test the behaviour of distilled water we placed Fish in vessels con- 
taining it. It occurred to us that we should, by disturbing the equi- 
librium of diffusion between the circumambient fluid on the one hand 
and the blood of the fish as well as the parenchymatous fluids of the 
surface cells of the fish on the other, influence the life of the fish. 
Our experiments substantiated the justice of our conclusion for fish 
placed in distilled water died in a few hours. When however minute 
quantities of salts of calcium or potassium or sodium were added the 
life of the fish was prolonged. The lime salts were found to possess — 
the greatest power of sustaining life. It was further elicited that fish 
can be habituated to live in distilled water provided minute quantities 

of lime: are present’. 

_. The question, however, yet remained unsolved, why the fish rapidly 
died when placed in distilled water. To solve this difficulty we sought 
to discover whether the distilled water caused the lime and other salts 
contained in the tissues of the fish, to diffuse out. If so, and these 
salts were absolutely necessary to protoplasm in order that it should 
perform its vital functions, it would readily be understood that upon 
the abstraction of the salts the tissues would cease to be able to 
fulfil their function and so would die. But, it was also possible that 
placing the fish in distilled water disturbed the equilibrium of diffusion 
between the surrounding water and the cells covering the gills and so 
caused salts to diffuse out of the cells and water to pass into the cells 
until they became irreparably damaged and disorganised. In the 
paper cited above these questions were discussed, but it was at that 
time impossible to arrive at any definite result and hence the answer 
was then left open. We subsequently undertook the elucidation of 
these points in the investigations which form the subject of the 2 
communication. 


Sachs, Treatise on Botany, Qnd p. 696. 
2 Journal of Physiology, vol. v., no. 2, ‘ 
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_ The method employed may thus be briefly summarized. The gills 
of the fresh-water Mussel [Anodon] were carefully cut so that the 
edge bearing the cilia was rapidly removed, care being taken to avoid 
injury or exposure. The gills were then divided as nearly as possible 
into equal portions and placed in the solutions. In every case the 
series were arranged so that only portions of the gills of one Mussel 
were employed, and hence were strictly comparative. The solutions 
were composed of distilled water, either alone or with solutions of salts 
of 1°/, strength. In each experiment 400 cc, of fluid were employed. 
As the gills might be supposed to part with substances favourable to 
the sustenance of vitality when left in distilled water, just as we have 
shown is the case with tadpoles and fish, we changed the solutions in 
which the gills were placed twice in every twenty-four hours, The 
importance of this precaution will be shown in the sequel, since the 
presence of even a minute quantity of lime in the fluid might tend to 
sustain ciliary action. The portions of gills were examined every day 
under a high power of the microscope, the specimen being in each case 
investigated in its own medium. The action of distilled water upon the 
ciliary apparatus and movements of the cilia of the gill edge may first 
be recounted. Six observations showed that ciliary action always 
ceased within twenty-four hours. The cells of the gill edge presented 
a curious appearance. They were separated from the gill edge and had 
lost their sharp outline, having become swollen up to three or four times 
their natural size and further being considerably distorted in shape. 
The cells looked markedly granular and were in different stages of 
disintegration. In some instances this disintegration had gone so far 
that only the nuclei were left and even they were granular. In some 
preparations it was thought that a distinct swelling up of the inter- 
cellular substance could be made out, thus separating the cells from one 
another. We then tested the effect of adding calcium chloride to the 
distilled water. | 

In four experiments in which we used 2 c.c. of the 1°/, solution of 
calcium chloride to every hundred distilled water, ic. 1 in 5000, we 
found that ciliary action had in the case of three of the specimens 
disappeared in twenty-four hours while in the fourth it had almost 
ceased. The tissue of the gill had further become greatly disin- 

In four experiments in which we added 4¢.c. of calcium chloride 
solution to the hundred distilled water, i.e. 1 in 2500, the ciliary action 
in one had disappeared in 48 hours and in the second in 72 hours, while — 
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in the third, ciliary action ceased on the 4th day, 7 in the fourth 
the 5th day. 

We also employed still larger quantities of lime; thus in one 
experiment working with 8c.c. of calcium chloride solution to the 
100 cc. of distilled water, i.e. 1 in 1250, it was found that _— action 
persisted to the 7th day. 

With 16 c.c. of calcium chloride solution, i.e. 1 in 625, two experiments 
were undertaken with the result that in one the ciliary action persisted 
on the 7th and in the other on the 8th day. It would then appear that 
while distilled water rapidly causes ciliary action to cease that calcium 
chloride prolongs the life of the cilia and greatly retards the disinte- 
gration of the tissue. 

Sodium bicarbonate also when added to distilled water sustains the 
life of the cilia, so that ciliary action persists, and sodium bicarbonate 
checks the disintegration of tissue which we found occurs with distilled 
water alone. These statements are based ieee the ene experi- 
ments, 

When 1c. of sodium bicarbonate solution to the 100c.c. distilled 
water, ie. 1 in 10,000, was employed, ciliary action ceased in 48 hours. 
In five experiments with 2c.c. of sodium bicarbonate solution to the 
100 c.c. distilled water, i.e. 1 in 5000, in one, ciliary action was slight in 
24 hours, in two it had disappeared in 24 hours and in two in 48 hours. 
Four experiments were instituted in which 4c.c. sodium bicarbonate 
solution were added to the 100 c.c. distilled water i.e. 1 in 2500 and then 
we found ciliary action disappeared on the 4th, on the 5th in two; 
persisting in the remaining two a on the 5th and 6th days 
respectively, 

When 8... of the sodium bicarbonate solution per 100 ec. distilled 
water, i.e. 1 in 1250, were used, ciliary action persisted on the 7th day: but 
in two experiments in which double the above strength was employed 
the ciliary action disappeared in one case on the 7th in the other on the 
2nd day. These experiments bring out a further point than those 
noticed above, and that is, that both in the case of the lime salt so also 
with the sodium salt, increasing the dose of the salt increases also the 
duration of the persistence of the ciliary action by sustaining the life - 
the cilia. 

In the next series of experiments we determined the action upon 
the cilia of mixtures of salts in the test solutions. 

lec. each of calcium chloride and sodium bicarbonate solution were 
added to the 100c.c. distilled water, i.e. 1 in 10,000 of each, and in two 
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experiments the ciliary action had ceased in 48 hours, Eight experi- 
ments were carried out in which 2.c. of the above solutions were added 
to the 100c.c. distilled water, i.e. 1 in 5000 of each, with the following 
results: in one ciliary action ceased in 48 hours; in one it was good in 
48 hours; in one ciliary action persisted on the 4th day and in three on 
_ the 5th day; in one on the 6th and in one on the 7th day respectively. 
‘Working with double these quantities we found in one experiment 
(4c.c, of each to the 100c.c. distilled water) ciliary action had not 
ceased on the 7th day. When 8 cc. of a solution of each of the above 
salts to the 100 cc. distilled water were tried, in two experiments: the 


We were thus led to the conclusion that a mixture of these aie in 
the test fluid possessed the power of sustaining the vitality of the cilia,..;: 
and of checking the disintegration of the tissue in a higher degree than 
either of the salts calcium chloride or sodium bicarbonate when — 
alone. 

In our further experiments with solutions containing several malts, 
potassium chloride was added to the calcium chloride and sodium salt. 
Thus in two experiments 2¢.c. of the calcium and sodium salt solution 
and ‘5c.c. of the potassium salt solution were added to the 100 cc. of | 
distilled water, with the result that in one case ciliary action .ceased 
on the 3rd day, while in the other it persisted on the 7th day. In 
the next two experiments the same proportions of the calcium and 
sodium salts were used, but the potassium salt was doubled. In one 
instance the ciliary action ceased on the 8rd, and in the other on the 
4th, day. 

We further used the New River Company’s taps water, the sumtined- 
tion of which is 
| Calcium per million, 

Sodium 233 
Potassium 7:1 
and other constituents which do not interest us in this connexion; and 
as a result of six experiments we found ciliary action persisted in one 
case on the 3rd, in one on the 4th, and in four on the 5th day. . At this 
time all the gill was used up and hence the experiments were perforce 
brought to a conclusion. 

We may then infer from the above experiments that while distilled 
water causes ciliary action rapidly to cease, that calcium chloride and 
sodium bicarbonate act in the other direction and prolong the peried of 
activity of the cilia, the sodium salt being perhaps the more efficacious 
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of the two. It also appears that combinations of these salts even in 
smaller proportions are more effectual than sodium bicarbonate when 
alone, 

With regard to the disintegration of tissue which accompanies the 
use of distilled water or of weak saline solutions, it appears to us to be 
of a purely physical nature and will, we submit, lend itself to the follow- 


explanation. 


_ Diffusion must under the conditions of the experiment be rapid, ae 
being wholly from the tissue of the gill to. the surrounding medium, 
vurrent frorti the fluid to the 
cells of the gill. There must be as a consequence of this a swelling up _ 
of the cells, and: finally bprsting and disintegration: ‘of the cells, The 


_» presence of salts would obviate such a physical change, and by protecting 


the gill tissue enable the cilia to retain their normal activity. 

If we now consider the question of the composition of the cells which 
line the gills of fish, we shall see that both they and the cells of the 
cuticular covering of fish as also the blood itself, must vary as regard the 
quantity of the salts they contain, for diffusion, determined by the 
nature of the surrounding medium, would occur until an exact equili- 
brium between the salts in the tissues and those in the medium had 
become established. Thus it becomes readily comprehensible that great 
disturbance in the animal economy of fish must ensue upon even slight 
variations in their environing fluid. And the same would obtain where 
the fish passed from one medium to one of a different saline composition. 
When fish therefore leave the sea to travel to the fresh water rivers, 
they usually perform their journey slowly. The slowness of their 
passage allows of a gradual production of the inevitable equilibrium of 
diffusion and so avoids the fatal disturbance which must have ensued 
had the change been suddenly effected. In the opposite direction, the 
passage from the river to the sea, the change would require the same 
caution, since it predicates the necessity for a converse change, that is 
diffusion into the cells and osmosis from them. The disturbance which 
occurs in either case must be largely influenced by the osmotic equivalent 
of the salt which diffused. Sodium chloride possesses, we should 
remember, a low osmotic equivalent and would hence affect the fish less 
than other salts of higher osmotic equivalent. Lime salts on the other 
hand have an osmotic equivalent ten times as great as that of sodium 
chloride and so would, quantity for quantity, affect the fish far more. 
Again the rate of diffusion and osmosis depends upon the amount of 
salt on each side of the membrane separating the fluids under obser- 
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vation. Thus in the case of the cells of fishes, especially the delicate 
lining of the gills, the same law would tend to modify the rate of 
osmosis and diffusion through them, and indeed throughout the whole 
body of the fish. It further is necessary to take into consideration the 
effect of pressure upon osmosis. By sufficiently heightening the pressure 
you may lessen or prevent osmosis, while diffusion remains unaffected. 
So, we may easily appreciate the importance of the slowness of the 
migration of fishes from sea to fresh water. For we see on the one hand 
the slowly and hence unobnoxious diffusion equilibrium established, and 
on the other the pressure exercised by the cell wall moderating osmosis. 
Thus is it that those physical influences which produce cell changes in 
fishes subjected to altcration in their habitual environment, may through 
the delayed progress of the fishes have their deleterious =— upon the 
fish reduced to a minimum. 

The slow rate which characterises the migration of most fishes, need 
not, we think, be set down solely to an instinct. We would suggest that 
a purely physical explanation exists which will in the main account for 
the behaviour of fish during their migration. For, distilled water 
dropped upon the conjunctiva causes smarting. It gives rise to pain if 
applied to the nasal and probably to any mucous membrane, doing so by 
setting up osmotic action in the nerve terminations. If now small 
quantities of salts are added to the distilled water no smarting occurs. 
But when the salts are added above a certain quantity, smarting again 
is felt. Now we submit that the fish when passing to or from one 
medium to another more or less saline, become subjected to the full 
force of such osmosis-producing conditions, they would feel the brunt of 
the resulting effects directly as the rapidity with which they accom- 
plished the change. Hence these inimicable conditions would determine 
for them a slow journey, since ce by delay they escape pain and deleterious 
influences. 

We have yet to consider the difficulty which may be held as telling 
against the above suggestion, viz. that some fish resist the baleful effect 
of distilled water or an impoverished saline medium better than others ; 
and that some fish are competent to pass with great rapidity from one 
medium to another and do so without manifesting any great sign of 
distress. Thus we ourselves found that sticklebacks would survive 
minnows several hours when placed in the distilled water. ex 

We think it may be substantially urged that, as we have ‘aioe 
out above, the influence of pressure. he manifests itself. ‘The cells of 
the fish, and especially those coverip the , 8, ls, may vary iu the strength 


4 
ats 
Lal 
ri 
ww 
4 
5 
2 
be 
‘ 
we 
2 


ACTION OF CALCIUM SALTS. 161 


of their cell walls, and in proportion to the strength of this wall so will 
be the osmosis :—when the pressure is sufficiently great the osmosis will 
be in abeyance, diffusion alone being at work. 

In conclusion then we think our experiments show that distilled 
water is actually harmful to protoplasm: that it not only prevents the 
due performance of its function, but induces its actual destruction. And 
next that additions of minute quantities of salts obviate the destruction 
of protoplasm, while if present in adequate combination they maintain 
protoplasm so that it can perform work. As with the heart so with the 
gills, some salts effect this purpose better than others. We also show 
that the life and due performance of vital functions of animals, Le. 
_ protoplasm in a state of high differentiation, is in the case of fishes 
dependent upon the medium in which they exist. Further we attempt 
to explain how this medium plays a part so important in the life- 
history of the fish, 
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A STUDY OF THE ACTION OF THE DEPRESSOR 
NERVE, AND A CONSIDERATION OF THE EFFECT 
OF BLOOD-PRESSURE UPON THE HEART RE- 
GARDED AS A SENSORY ORGAN. By HENRY 
SEWALL, Ph.D., Professor of Physiology in the University of 
Michigan, anD D. W. STEINER, M.D., Assistant in Physiology. 
(From the Physiological Laboratory at Ann-Arbor, Mich.) (Plate 
IIT). 


_ WHILE studying on rabbits the vaso-motor effects of variation of 
blood supply to the brain, 8. Mayer’ found that when the flow of blood 
to the brain was completely shut off there followed an immediate rise 
of arterial pressure to the extent of 20—30 mm. Hg. ; and then, after the 
lapse of 4 to 6 seconds, there was suddenly a further enormous increase 
of pressure which, however, soon began to gradually diminish and — 
continued falling until the pressure became as low as when the spinal 
cord is sundered from the medulla. In Mayer’s operation the sub- 
clavian artery was tightly ligatured and a cannula was placed in the 
left carotid artery; it may be said that this treatment produces no 
decided permanent elevation of pressure. On the right side the 
innominate artery was laid bare and clamped as occasion required. 

The most evident explanation of these phenomena is that offered by 
Mayer, namely, that the slight rise of pressure immediately following 
compression of all the arteries is due simply to mechanical narrowing of 
the vascular path, while the subsequent great elevation .is caused by 
the excitement of the medullary vaso-constrictor centres brought about 
by the anaemic condition of the brain. It would be interesting to 
inquire whether the immediate cause of this vaso-motor excitement is 
simply mechanical, determined by the diminished vascular strain in the 
brain, or chemical, depending on the altered gas-exchange in the vaso- 
motor centre in the direction either of accumulation of carbonic acid or 
of simple diminution in the access of oxygen. 


1 §. Mayer, Wiener Sitzbericht. 1876. Bd. 85. 
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Klug* in studying, chiefly upon dogs, the effects upon pulse and 
blood-pressure of the respiration of various gases, found that carbonic 
acid in excess caused no increase of blood-pressure ; while respiration in 
hydrogen was followed by a great elevation of pressure. He therefore 
concludes that the stimulation of the vaso-motor centres on cutting off 
the blood supply to the brain is of chemical nature, and is due not to an 
excess of carbonic acid but to a failure of oxygen in the centre. These 
results are in partial contradiction of observations of our own and shall 
be discussed further on. It was found by Nawalichin’ that when he 
clamped both carotid arteries in curarised cats the arterial pressure — 
— underwent an extraordinary elevation, usually attaining its maximum in 
from 15 to 60 seconds and remaining several minutes at this height. 
The rise equalled from 60 °/, to 70 °/, of the original pressure, or about the ~ 
elevation produced by clamping the aorta at the level of the diaphragm. 
Clamping one carotid only had little effect; and all the experiments 
were performed on animals in which the pneumogastric and sympathetic 
nerves, and without doubt the depressors also though no such fact is 
stated, had first been divided in the neck. This great rise of pressure 
on occlusion of the carotid arteries was explained as the result of vaso- 
motor excitement following the lessened intra-cranial blood-pressure. 

In the course of a series of experiments upon another subject we had 
occasion to repeat the observations of Mayer and of Nawalichin, and, 
while their results were abundantly confirmed, it became evident that 
the physiological processes concerned in the great rise of blood-pressure 
which follows diminution of the brain-blood-supply are more complicated 
than: was indicated in the explanation given by those authors. Our 
experiments, more than 30 in number, were performed on cats and 
rabbits, chiefly the latter. The animals were narcotised by a solution 
of morphia and chloral thrown into the rectum, and were usually also 
slightly curarised by intra-venous injection, Artificial respiration was 
maintained by a hand-bellows whose strokes were timed by a pendulum. 
The blood-pressure was recorded by means of a mercury manometer 
connected with either the femoral, brachial or carotid artery as occasion 
demanded and the tracings were registered on a revolving cylinder. A 
very simple but efficient kind of clamp was used to occlude the blood- 
flow in the arteries. In the form finally adopted this consisted of a 
glass tube some 3 inches long and 3 to 4mm. bore, A plug of ebonite 
with a slightly rounded outer surface fitted tightly into one end of the 

1 Klug, Du Bois’ Archiv. 1883, 8. 134. 
? Nawalichin, Centralbl. f. d, med. Wiss. 1870. 8. 483. 7 
| 13—2 
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tube and was perforated lengthwise with two fine holes placed: as far 
apart as possible. A horse-hair was made fast by one extremity to the 


unplugged end of the tube; its free end was then passed through the 
tube and one of the holes, then round the artery and back through the 


tube by way of the remaining hole in the plug. Holding the tube 
with one hand and drawing on the free end of the hair with the other 
the blood-vessel was, without injury, partially or completely, occluded 


by being pressed against the rounded surface of the ebonite plug. The 
advantage of the hair-clamp is that it remains always in position and 
can without delay or disturbance of adjacent tissues be ron: in or out, 


of action as desired. 


Conditions which determine the vaso-motor effects following 
occlusion of the carotid arteries. 


When the carotid arteries of a rabbit or cat are completely clamped 
there follows immediately a rise of arterial pressure of variable extent 
depending chiefly on the amount of narcotic drug which has been given 
the animal. The elevation is maintained throughout the period of. 


clamping, or, at least, for several minutes, and is usually from 1 to 
4 cm. Hg. This rise of pressure on closing the carotids usually 


progressively diminishes in height as the observations are successively 


repeated. 

This rise of pressure depends, partly, but not altogether, upon the 
merely mechanical removal of the carotid channels from the area 
of the circulation. Clamping of other large arterial trunks, as the 


subclavians, or the lower aorta at its point of bifurcation, canes, if any, 


but a slight temporary elevation of blood-pressure. 


If now the bundle of nerves, including vagus, sinesidiebin and 


depressor, in each carotid sheath, be cut through, subsequent clamping 


of the carotids is followed by an extraordinary rise of blood-pressure in 


the manner described by Nawalichin. The maximum of this elevation 
was usually maintained throughout the whole period of occlusion, 
lasting from 1 to 3 minutes. Sometimes a latent. period of greater 


or less duration elapsed between the moment of clamping and the 


beginning of the extraordinary rise of pressure; at other times the 


secondary or, as it may be called, the vaso-motor, rise of oe fused 


~~ the clamping. 


= 


In a few cases no great rise ott pressure of the 
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carotid arteries under any circumstances, but this was readily explicable 
as a result of undue narcotisation, and whenever the extraordinary rise 
of pressure did occur it was only when the arterial clamping had been 
preceded by section of the nerve trunk referred to. It will be remem- 
bered that Nawalichin’s experiments were all tried upon animals in 
which the carotid nerves had been previously divided. 


Our work demonstrates that the great rise of blood-pressure which 


may follow occlusion of the carotid arteries occurs only after division of 
certain fibres of the nerves of the carotid sheath. 

In ‘every experiment the animal was allowed from 3 to 10 minutes 
rest between the successive observations, and throughout the work the 
thoroughness of the nerve —" was confirmed by post-mortem 


_ Exepermentl, Cat. Morphia and chloral. Blood-pressure in femoral 


| artery 140 mm. Hg. 1. pressure rises 15 mm. 2, Cut vagi, 
sympathetics and depressors, 3 . Clamped carotids ; pressure rises gradually 


45 mm. 


Exp. 2, Rabbit, Rather large dose of morphia and chloral. Pressure in 
femoral artery 80 mm. Hg. 1. Clamped carotids; pressure rises 5 mm. 
2, Cut nerves of the carotid sheaths. 3. Clamped carotids; for 30 seconds 
pressure gradually rises slightly and then tes ae to 50 mm. 
above the normal level. 


The least complicated and most constant results were ciel upon 


animals under the influence of curare. 


Exp. 8, ‘Cat. Morphia, chloral and curare ; artificial respiration. Blood- 
pressure 110 mm. Hg. 1. Clamped carotids; pressure rises 20mm. 2. Cut 
carotid nerves as before. 3. Clamped carotids; pressure rises 50 mm. 

Exp. 4. Rabbit. Morphia, chloral, curare ; artificial respiration. Blood- 
1. Clamped ‘carotide ; pressure rises 12 mm. 2. Cut 
nerves as before. 3, Clamped carotids ; pressure rises 65 mm, 


The high blood-pressure continued in each case throughout the 
clamping, a period of 1 to 3 minutes. 

A single experiment mentioned by Dreschfeld’ shows exactly the 
same results as those recorded by us, though that author does not seem 
to have noticed the extraordinary effect of dividing the carotid sheath 
“nerves. 


ees, “These gi great elevations of blood-pressure following clamping of the 


1 Dreschfeld, Wiirzburger physiolog. Untersuch. 1867. 8. 334. 
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earotid arteries after section of the nerves of the carotid sheaths cannot 
be explained as the result of change in the heart-beat, but are evidently 
due to vaso-motor constriction produced by the stimulating effect upon 
the vaso-motor centres of diminished blood-pressure in the brain. The 


_ longer or shorter latent period which frequently preceded the secondary 


elevation of pressure is not difficult to comprehend when the vari- 


able irritability and rate of activity of the vaso-motor centre are 


considered. 

Clamping the vertebral arteries alone had, in the two or three experi- 

ments tried, much less decided effect upon the blood-pressure than that 
which attended occlusion of the carotids. 
_ A large number of experiments was made to determine the exact 
relation to the action of the vaso-motor centre borne by the individual 
nerves, vagus, sympathetic and depressor, whose general section was 
followed by such decided phenomena. Most of the observations made 
for this purpose were carried out on rabbits, because of the ‘variable 
course of the physiological depressor fibres in the cat’. 

Closure of the carotid arteries respectively before and after section of 
the pneumogastric nerves alone was rewarded by purely negative results; 
it could not be shown that any decided increase or decrease of blood- 
pressure was occasioned by occlusion of the carotids as a result of section 
of these nerves. The study of the sympathetic nerve pursued in the 
same manner was attended often by complicated and unintelligible 
results. There was often a slight fall of blood-pressure on clamping the 
carotids after section of the sympathetic nerves in the neck, 

Irregularity of heart-beat which is frequently caused by abnormally 
high arterial pressure seems to come about with greater readiness 
after division of the sympathetics. Whatever may be the relation of 
the cervical sympathetic to the vaso-motor centre and to cardiac action it 
is clearly not concerned in the alterations of blood-pressure under 
discussion. Turning now to the remaining pair of nerves, the depressors, 
we found that upon their condition depended all the phenomena of 
blood-pressure which followed clamping of the carotid arteries. When 
the depressors are divided, either before or after section of the vagi and 
sympathetics, occlusion of the carotid arteries is followed, either immedi- 
ately or after a latent interval, by a very considerable elevation of blood- 
pressure, A single example is sufficient to indicate the result, 


= Bernhardt, Anatom. u. physiolog. Untersuch. ii. d. h. Depressor bei d. Katze. Dorpats 
1868, 
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Exp. 5. Rabbit. Morphia, chloral, curare. Blood-pressure about 75 mm. 
Hg. 1. Clamped carotids; pressure rises 8 mm. 2, Out sympathetics. 
3. Clamped carotids; pressure rises 12 mm. 4. Cut vagi; mean pressure 
rises to 100 mm. Hg, 5. Olamped carotids; pressure rises 12 mm, 6, Cut 
depressors. 7, Clamped carotids; pressure rises 65 mm. 


When only one depressor nerve is divided the vaso-motor rise of 
pressure is not so common and is usually preceded by a latent period of 
some thirty seconds duration. 

When an artery which has been clamped is suddenly loosed there is 
an immediate fall of blood-pressure which is readily explained by the 
diminution of peripheral resistance to the blood-flow ; but the extent of 
this fall of pressure on loosing the carotids is much less than that 
succeeding the sudden opening of other large arterial channels. When 
the carotid clamps are loosed the pressure returns rather suddenly to its 
original level but does not fall below it. When, however, the lower 
aorta is occluded by the pressure of a finger at the point of its bifurcation, 
there is a slight temporary rise of general arterial pressure and, on 
removing the finger after some 30 seconds, the pressure sinks considerably 
below its normal level, which is only very gradually regained. The 
explanation of the lowered pressure lies evidently in the abnormal 
dilatation of the vessels of the lower extremities which have become 
paralyzed through their anaemic condition. 

It is interesting to observe that when the lower aorta is thus clamped 
and loosed after previous section of the depressor nerves, the blood- 
pressure, after removal of the finger, slowly returns toward its normal 
level through the period of a minute or more, and then suddenly under- 
- goes an elevation, considerably above the normal, which persists for a 
number of seconds. This rise of pressure is evidently due to vascular 
constriction brought about by stimulation of the vaso-motor centre by the 
lowered arterial pressure which follows loosing the aorta, and, im the 
absence of the controlling influence of the depressor nerves, this vaso- 
motor irritation is allowed to manifest itself. 

All these results are easily explained by the ordinary conception of 
the physiological function of the depressor nerve, and they might almost 
have been predicted from a knowledge of the classic work of Cyon and 
Ludwig’. Supposing the normal irritant of the depressor nerve to be 
the mechanical strain of the contracting cardiac muscle, this irritation — 
would be intensified with every increase of arterial pressure, which itself 


2 Cyon and Ludwig, Arb. aus d. physiolog. Anstalt zu Leipzig. 1866. 8. 128, 


4 
ag 
q 
“aa 
2 
a 
Be 
BS 
a 
a 
pet 
ca 


‘168 H. SEWALL AND D. W. STEINER. 


is under the control of the vaso-motor. centre. One of the principal 
physiological excitants of this centre is a diminution of blood-pressure 
in thé brain. When, therefore, the carotids are clamped the vaso-motor 


- centre is stimulated and this of itself would cause general vascular — 


constriction and elevation of blood-pressure; but the heart feels this 
inoreased resistance to its action in its first beginnings, and by means of 
afferent impulses proceeding along the depressor nerves the action of the 


_ vaso-motor centre, at least of that part controlling the abdominal area, 


is inhibited. When, however, the depressors have been divided previous 
to ocelusion of the carotid arteries, the activity of the excited vaso-motor 
centre has full sway and produces an elevation of arterial blood-pressure 
nearly equal to that brought about by mechanical occlusion of the aortic | 
trunk at its passage through the diaphragm. When, after the manner 
of Mayer, the blood is totally shut off from the brain, the general pressure 
rises to its maximum without reference to the condition of the depressor 


nerves; but the latter still maintain their inhibitory influence when the 


brain is supplied with blood through but a single vertebral artery, for 
reducing the cranial circulation to that extent before section of the 
depressors raises the arterial pressure much less. than does the same 
treatment after nerve section. — 

Cyon and Ludwig observed no elevation of wine pressure as a 
result of simple division of the depressor nerves, and concluded in conse- 


quence that the inhibitory action of these fibres on the vaso-constrictor 


centre was not tonic or constant. But in our experiments section of the | 


_ depressor nerves performed as carefully as possible was, with few excep- 


tions, nearly immediately followed by a permanent rise of blood-pressure 
to the extent of 1 to 3 em. Hg.; and we are led to believe that the 
depressor nerves, if not in tonic action, are, at least, extremely sensitive 
to changes in the resistance to the heart’s action. 

Reference was made above (p. 163) to the work of Klug, who investi- 
gated in dogs the effect upon pulse-rate and blood-pressure of respiration 
in air diluted with hydrogen gas. Klug’s animals were commonly 
nareotised by morphia and the gases supplied were pumped into the 
lungs from a complicated system of spirometers, This author found that 
the dyspneic condition was accompanied by a quickened pulse and a 
decided elevation of blood-pressure, and he therefore concluded that the 
immediate stimulus which excites the vaso-motor centres when the 
blood-flow to the brain is diminished is the failure in oxygen supply. 
But we cannot fully accept such a conclusion, for in a number of experi- 
ments undertaken to test the effect upon pulse-rate of diminished oxygen 
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tension in the air respired, we found that when an animal became 
dyspnosic from lack of oxygen the rise of blood-pressure was a. very 
‘inconstant occurrence, and the pulse-rate, instead of becoming quicker, 
became uniformly slower with the respiratory needs of the animal. 

Our observations were principally carried out upon cats and rabbits 
subjected to the influence of morphia and chloral and sometimes curare 
also. Great care was taken to prepare pure as neutral gases hydrogen 
and nitrogen. An ordinary counterpoised’ spirometer of about five 
litres capacity was filled with a known per cent. of either gas, which 
the animal breathed by means of Miiller’s water valves. In cases 
where the animals were curarised artificial respiration from the spiro- 
meter was adequately carried out by rhythmically pressing down the 
gas cylinder with the hand. In four out of seven experiments the 
animal breathing air diluted with neutral gas went through the stages of 
dyspnoea and thé pressure tracing showed the usual vaso-motor undula- 
tions accompanied, however, by a steady fall of instead of rise of mean 
pressure, although clamping the carotid arteries after section of the nerves 
of the carotid sheath produced the usual vaso-motor rise of blood-pressure. 

The following extracts are made from the observations of a typical 
experiment. 


Exp.6. Rabbit, Rather large dose, morphia Arterial pressure 
about 80 mm. Hg. 1. Blood-pressure and pulse scarcely changed when common 
air is breathed from spirometer. 2. Breathed from spirometer air with 95°) 

hydrogen ; respiration quicker and deeper than usual; no constant change in 
blood-pressure; pulse-rate falls from 70 to 30 beats in 15 seconds. 3, Clamped 
carotid arteries ; pressure rises 5 mm. Hg. 4. Cut nerves of carotid sheath on 
each side. 5. Clamped carotids ; for 30 seconds pressure rises gradually and 
then mounts to 50 mm. above the former level. 6. Blood-pressure about as 
at the beginning ; breathed from spirometer about 70°/, H.; j espiratory nerves 
marked on the tracing but no change in mean pressure; fall in pulse-rate 
from 49 to 42 beats in 15 seconds. 


In an experiment upon a dog we were able to confirm Klug’s 
results, but were led to believe that in this animal there is some unusually 
- intimate relation between the mechanism of the respiratory, vaso-motor 
and cardio-accelerator centres which marks the independent action of 

On some relations of blood-pressure to cardiac inhibition. 
Considered from an @ priori stand-point, it would seem that the rate 
of heart-beat should have a very direct relation to the aniount of intra- 
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cardiac blood-pressure. It is a familiar fact that high arterial pressure — 
brings about a slowing of the pulse-rate by directly stimulating the 
cardio-inhibitory centre in the medulla, and conversely the medullary 
cardio-accelerator centre is stimulated, and a quickened heart-beat 
occasioned, by a fall in arterial pressure. But the manifold experiments 
which had been performed to determine the direct action of blood-pressure 
upon the heart were far from giving a definite solution of the problem 
until the labour of Newell-Martin‘ and his pupils on the isolated dog’s 
heart showed that, within wide limits, neither variation of arterial, 
i.e, intra-cardiac systolic, pressure, nor of venous, intra-cardiac diastolic, 
blood-pressure affects the rate of heart-beat. It seems not improbable 
that contrary results obtained from the isolated hearts of cold-blooded 
animals by some other observers were the outcome of unphysiological 
conditions of the organ. 

We have been led to consider this question further and from a new 
stand-point, and in our work have started out with the hypothesis that 
the pulse-rate is modified normally by the amount of arterial and 
venous blood-pressure acting directly upon the heart considered not as 
a motor mechanism, but as a sensory organ which might appreciate 
changes of pressure and in time set into action a reflex apparatus with 
a, nerve-centre in the brain and the heart muscle itself for a terminal 
motor. organ, That the heart is thus affected by the blood-pressure as 
regards the vaso-motor mechanism seems clearly indicated when we 
consider the function of the depressor nerve. Gurbski* and others 
show that ordinary mechanical stimulation of the heart substance may 
provoke reflex movements of voluntary muscles. But, so far as we — 
know, no observer has clearly formulated the question in a manner to 
explain the action of blood-pressure upon the rate of heart-beat as the 
result of reflex excitement of extra-cardiac nerve-centres, 

It was shown by Ludwig and Luchsinger® that in the frog 
increase of intra-cardiac pressure diminished or annulled the inhibitory 
power of the vagus nerve. 

Later, Sewall and Donaldson‘, working on the frog and terrapin, 
made it probable that these effects of intra-cardiac pressure are limited 
to the venous sinus and auricles, and that changes of pressure well 
within physiological limits are of marked influence on the inhibitory 


1 Stud, from Biolog. Lab. Johns Hopkins Univ. Vol. 1. p. 213. 
* Gurbski, Pfliiger’s Archiv, v, 8. 289. 1872, 


* Ludwig and Luchsinger, Pfliiger’s Archiv. 1881. 8. 211. 
* This Journal, Vol. 111. p. 357. 
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_ power of the artificially stimulated vagus nerve. tt was thought probable 
that a like condition holds good for the mammalian heart, a diminished 

intra-cardiac pressure increasing the efficiency of inhibitory impulses 
upon the heart, and a high intra-cardiac pressure having the contrary 
influence, 

In such a case it would be fair to expect that reflex excitement of 
the cardio-inhibitory apparatus would be brought about by those con- 
— ditions of blood-pressure i in which intra-cardiac pressure is lowest. 

A series of experiments upon this subject was carried out on dogs, 
cats and rabbits narcotised by the injection of sufficient doses of morphia 
and chloral into the rectum, Blood-pressure and pulse were recorded in 
the usual way upon a revolving cylinder by means of a mercury 
manometer. Diminished flow of blood to the heart was occasioned by 
passing a finger through a slit in the abdominal wall and pressing upon 
the vena cava above the level of the kidneys, Restraint of blood-flow 
to the heart in this manner causes usually a fall of arterial pressure and 
a consequent quickening of the pulse-rate due to the excitement of the 
medullary accelerator centre. Accordingly it was sought, without 
affecting the general blood-pressure, to remove the influence of this 
centre by artificial section of the accelerator nerves reaching the heart 
from the last cervical and first dorsal sympathetic ganglia. But we 
finally gave up that method of experimentation as too complicated and 
uncertain in its manipulation to answer decisively the question 
investigated. In 6 out of 23 experiments occlusion of the vena cava 
was followed by a slowing of the pulse, sometimes to half the normal 
value, accompanied by a fall of arterial pressure. This pulse slowing 
invariably failed after section of the vagi. This would indicate that 
either the inhibitory centre is constantly in action or that it is reflexly 
excited by the alteration of pressure in the heart; the latter supposition 
was made probable in the case of one rabbit in which the slowed pulse 
which followed pressure upon the cava disappeared after section of the 
depressor nerves alone. The inhibitory apparatus thus brought into 
action seems to become fatigued by repeated exercise. The pulse. 
slowing is apparently commonly produced by a weakening and final 
disappearance of alternate heart-beats leading, in a certain phase of the 
process, to a peculiar and suggestive dicrotism., And, conversely, after 
removal of pressure from the cava, the quickening of the heart-beat 
manifests itself by the appearance upon the pulse-waves of indentations 
which increase in prominence until they are undistinguishable from the 
original waves. This result suggests the conclusion advanced by 
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Tschirjew’ “dass der Pulsus bigeminus ein verlangsamter Pulsus ist, 
wobei unter dem Einflusse des hohen Blutdruckes der Ventrikel sich 
peristaltisch contrahirt.” | 

In 5 out of the 28 experiments occlusion of the vena cava was 
accompanied only occasionally by retardation of heart-beat, and in the 
remaining 12 experiments the same treatment caused either no change 
or a quickening of pulse-rate. Though it is not pretended that these — 
results'are sufficiently constant to establish any opinion as to the rela- 
tion of low intra-cardiac pressure to pulse-rate, they still go to support 
the hypothesis that the heart is more powerfully influenced by the 
cardio-inhibitory centre when the distension of its walls with blood is 
diminished, if, indeed, this condition does not actively induce the 
slowing in a reflex manner. The elaborate work of Susts chinsky* on 

the influence exerted by intra-cardiac blood-pressure upon the inhibitory 
apparatus of the mammalian heart, was carried out on the same general 
line as that followed by us and his results agree, on the whole, with 
those cited above. 

~ This author found that when the flow of blood to the heart was 
diminished by pressure upon the vena cava the minimal effective 
strength of artificial stimulation for the vagus nerve was at first less 
than normal but increased later on; also, exalted irritability of the 
inhibitory apparatus followed clamping either the arteries or veins of 
the coronary system. 

It is well known that, when the vagi are intact, stimulation of the 
central end of the divided depressor nerve causes a slowing of the pulse- 
rate as well as a lowering of arterial pressure, and our attention was 
accordingly fixed upon this nerve as being the afferent path of impulses 
which might cause reflex inhibition of the heart-beat, and the results 
which are to be described lead to the conclusion that high arterial 
blood-pressure, with a correspondingly low venous pressure, excites a 
reflex inhibitory apparatus of which the depressor nerve is the afferent 
channel. 

Rabbits were uniformly used in these observations. The animals were 
rendered insensible by light doses of chloral and morphia in the rectum 
and respiratory disturbances were avoided by the injection of curare into 
the femoral vein. It is of the greatest consequence that the amount of 
narcotic should be so small as not to weaken the heart and that no more 
curare should ‘be administered than is just sufficient to render the 


i Du Bois’ 1877. 8. 116, 
* Sustschinsky, Wiirzburger physiolog, Untersuch. 2 Th. 1869. 8. 161. 
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animal immobile.- Threads were carefully laid round the depressor 
nerves, a cannula was placed in the left carotid artery and then, without 
opening the pleural cavities, the left subclavian artery was ligatured and 
the horse-hair clamp previously described was adjusted round the 
innominate artery. By tightening the clamp the blood supply to the 
brain was wholly shut off and changes in pulse and blood-pressure were 
registered in the ordinary way through the carotid cannula. It was 
found that when animals were allowed to hunger for a day preceding 
the experiment the clotting of blood in the cannula, which is commonly 

a source of great annoyance when arterial pressure fluctuates widely, 
was generally obviated. When the loop round the innominate artery is 
drawn tight there is, as was described in the first part of this paper, a 
great rise of arterial pressure chiefly due to the excitement of the 
vaso-motor centre following the diminution of blood-pressure in the 
brain. For the same reason the cardiac accelerator centre in the 
medulla is made active and gives more or less decided: signs of its 
‘Irritation. 

But when the innominate sl is clamped in the manner 
described, the rise of. pressure is accompanied by a pulse of a slower 
rhythm which may, however, alternate with periods of very rapid heart- 
beat. This slowed pulse has not the irregular character of that which 
frequently marks the motor failure of the heart when submitted to 
unphysiological conditions. 

.. When the depressor nerves are cut and the innominate ieee is 
again clamped, the pressure rises as before, but the pulse-rate, with 
_ such exceptions as will be mentioned, is uniformly quicker than normal. 

- On loosing the clamp the arterial pressure commonly remains high 
for from 10 to 30 seconds, but as it gradually falls and the blood 
re-enters the brain the cardio-inhibitory centre is directly stimulated, 
bringing about a slowing of the pulse which does not occur if the vagi. 
have been previously divided. In the experiments from 5 to 15 minutes 
rest was allowed between successive observations, of which six or more 
were made on each animal; the innominate artery was locas sah for 
periods varying from 80 to 60 seconds. 

The figures in Pl, IIT represent tracings obtained from two different : 
animals before and after section of the depressors. Figures 1 and 3 
were taken before, and 2 and 4 after, section of the nerves. The artery 
was clamped at the depression 1 of the middle line and loosed at 2. 
The marks on the lower line were made by a seconds pen. 

In some cases clamping the innominate artery was followed only by 
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the walduaet pulse; but in this instance electrical stimulation of the 
vagus showed that the cardio-inhibitory apparatus was very ceases 


probably owing to an overdose of curare. 


At other times a slowed, and usually irregular, pulse atetenpiaie’ 
occlusion of the innominate artery even after section of the depressors. 
This, it was found, was probably due to direct action of the high blood- 
pressure upon the motor mechanism of the heart itself, for in such 
animals it occurred under the same conditions after section of both 


vagi. 
We conclude, then, that high arterial blood-pressure, which in this 


ease means correspondingly low venous pressure, stimulates the endings 


of the depressor nerves and brings about reflexly a slowing of the pulse- 
rate, even though the cardio-accelerator apparatus may be simul- 
taneously excited. When the blood-flow to the brain is stopped there 
is a manifest struggle between the accelerator and inhibitory mechanisms 
for control over the heart; the inhibitory influence seems to be the 
more powerful while the accelerator effects are more persistent. The 
inhibitory reflex loses efficiency when repeatedly tested. Attempts 
made to eliminate the accelerating influence of diminished blood- 
pressure in the brain by excision of the lower cervical sympathetic 
ganglia or by severance of the spinal cord from the medulla, were not 
attended by the positive results which were expected. 

If the conclusions which we have drawn from our results are to stand, 
we may regard the physiological relation of blood-pressure to cardiac 
inhibition as threefold: first, increase of arterial pressure directly 
stimulates the inhibitory centre in the medulla; second, the same 
condition by increasing resistance to the heart’s action, excites the 
inhibitory centre indirectly through the depressor nerve ; third, elevation 
of arterial pressure brought about by constriction of the peripheral 
blood-vessels lessens the distension of the cardiac walls, in which 
condition there is good reason to believe the local inhibitory apparatus 
is more susceptible to influences reaching it from without. 

We made a number of attempts to determine whether the two 
roots of origin of the depressor nerve from the superior laryngeal and 
from the junction of the latter with the vagus respectively, are differen- 
tiated in their function. In American rabbits the origin of the depressor 
nerve is very inconstant. Most commonly a single root only of origin 
could be discovered, arising either well out on the superior laryngeal or 
from the junction of the latter with the vagus, In other cases there was 
in addition a fine twig which sprang directly from the vagus trunk and 
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met its fellow at a variable distance from its source. Upon weak electrical 
stimulation of each of these branches separately there was a fall 
of pressure with slowing of the heart-beat ; but the distribution of the 
inhibitory fibres between the two branches seemed to be variable. 
A slight amount of stimulation may exhaust the inhibitory power 
of the depressor while its vaso-motor influence is still active. The 
depressor nerve is, particularly near its origin, extremely irritable toward 
mechanical stimulation, the slightest traction on the thread holding the 
divided trunk bringing about a slower pulse with a fall of pressure. 
_ It may not be out of place here to make mention of some experi- 
ments to which we were led by the outcome of the foregoing work, 
though they were attended only by negative results. Suppose the 
depressor to have the function of regulating the resistance to the heart’s 
action through its reflex control over the abdominal vessels, it might be 
expected that, in case of loss of function to the depressor nerve in the 
living animal, the vaso-motor centre would be in a state of occasional if 
not constant abnormally heightened activity, causing anaemia of the 
abdominal viscera with the production of albuminuria and perhaps 
degenerative changes in the kidney; at the same time there might be 
expected a compensatory hypertrophy of the left ventricle in order to 
’ overcome the increased resistance offered to its action, Or, suppose an — 
undue stimulation of the depressor fibres such as might be expected in 
case of obstruction at the base of the aorta, and it is easy to imagine as 
a result such a dilatation of the abdominal vessels as to bring the 
circulation into a condition approaching stasis, Such a course of 
reasoning would offer a satisfactory physiological explanation of the 
principal events in certain forms of Bright's disease. 

To test this question, the depressor nerves were divided and partly 
excised in five rabbits. ‘The wounds healed well and the animals, with 
one exception which died from other causes, flourished perfectly as 
long as retained under observation. 

The four healthy rabbits were killed, one at the end of 23 days, the 
others at the end of about 3 months. The nerves seemed not to have 
reunited and in three cases had apparently degenerated. But the 
relation of heart weight to body weight and the thickness of the 
ventricular wall did not differ markedly from these features in normal 
rabbits. In the urine, drawn directly from the bladder, a slight amount 
of albumin was found in one case only, and the histological appearance 
of the kidneys presented nothing unusual. 

We may briefly sum up the main results of our work as follows: 
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When. the carotid arteries are simply clamped there is not a very 


considerable rise of blood-pressure; but when the same operation 
is performed after previous section of the depressor nerves, the rise of © 


pressure is very much greater, amounting to from 30?/, to 75°), of the 
normal blood-pressure. 
_ The fibres of the depressor nerve through which reflex inhibition of 
the heart may be brought about, are stimulated at their peripheral 
endings by the condition produced in the heart by high arterial blood- 
pressure ; and the coincident lowering of intra-cardiac pressure probabl, 
makes the heart more sensitive to inhibitory ne in; 
along the nerves. 


DESCRIPTION OF THE FIGURES IN PLATE III. 


Figs. 1 and 2 are tracings taken from the same rabbit renpeotively. 7 
and after section of the depressor nerves, 

Figs. 3 and 4 are similar tracings from another rabbit; 3 shows change 
in pulse and pressure before, and 4 after, cutting the depressors. 

At the marks 1 on the middle line the arteries were clamped, and at 2 
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ON SECONDARY AND TERTIARY DEGENERATIONS 
IN THE SPINAL CORD OF THE DOG. 4 prelimi- 
nary communication. By CHARLES 8. SHERRINGTON, 
M.B. Cantab., George Henry Lewes Student. (Plates IV., V.) 


ApoLocy for the bare and fragmentary character of the following 
statement may lie in its preliminary nature. 
_ I must thank the kindness and liberality of Professor Goltz for the 
greater part of the material used in the anatomical portion of the 
inquiry. 
Up to the present time the extent of that region of the, cerebiul 
cortex of the dog, injury to which gives rise to degeneration of the 
pyramidal tract, has not been experimentally determined. Of the posterior 
limit even in man Flechsig' can only say “die hintere Grenze lisst sich 
nicht genau angeben”. 

My material puts the anterior boundary at the anterior boundary of 
the anterior sigmoid gyrus and at a cross line drawn from the top of the 
suborbital fissure inwards to the great longitudinal fissure at about right 
angles to this latter. The lateral boundary seems to lie farther outward 
from the mid-line than the anterior supra-sylvian fissure. As to the pos- 
terior boundary, degeneration of the pyramidal tract may follow a cortical 
destruction not reaching further forward than a vertical drawn from the 
most posterior point of the ecto-sylvian fissure. The inconstant position 
of this fissure lessens its value asa landmark, but it is difficult to find 
any good landmark, the relative nearness of the crucial sulcus itself to 
the most anterior and most posterior points of the hemisphere varying 
in different dogs. It seems that the field of cerebral cortex, destructions 
in which cause degenerations of the pyramid, although anteriorly fairly 
conterminous with the region of the so-called motor centres, extends 
posteriorly beyond them, at least beyond the hindmost marked by 
Hitzig or Landois; and includes at least in part the region dedicated 
by Ferrier to “sensory centres.” 

1 Flan des menschlichen Gehirns, 
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178 SHERRINGTON. 
To avoid periphrasis, and the theoretical, obligations attaching to the 


terms “motor-sphere”, “sensory centres”, &c., it seems convenient to apply 


a term, “cord-area”, to all this region of the cortex cerebri which is so 
directly connected with the spinal cord that lesions in the former induce 


degenerations in the latter. 


The aim of this inquiry at the outset was to find whether or no the 
site of the degenerated area in the lateral column of the cord varied with 
varied position of the initial injury in the field of the “cord-area” of the 
cortex cerebri, It early became evident however that both size and 
shape of the area of degeneration in the lateral column varied according 
to the length of time the degenerating process had been allowed play : 
so much so as to require an estimation of this effect of time, previous 
to attempting the original problem. 

1, At the end of the first sixty hours after removal of a portion of the 
“cord area” of the cortex no histological change is observable in the — 
pyramidal tract either at the base of the brain, or in the spinal cord, but 
by the ninth day a change has taken place in both these situations. 
In carmine-stained cross-sections under the microscope the axis-cylinders 
of certain nerve-fibres scattered through the pyramidal tract appear less 
deeply stained than in normal fibres, and not of homogeneous structure 
as in the normal, but rather coarsely granular; they are also apparently 


slightly enlarged. The vast majority of the fibres throughout the column 


are to all appearance perfectly normal. The cells of the neuroglia in 
the region of the pyramidal tract seem slightly more numerous than in 
the corresponding part of the opposite lateral column. Neither in 
carmine, nor in haematoxylin, nor in osmic acid preparations is the area of 
the pyramidal tract at this time marked out by darker or paler staining 
from the rest of the lateral column. Yet, despite its non-apparent 
character in such preparations, the change is already easily to be seen 
by the naked eye if the tissue has been hardened a few weeks in 
ammonium bichromate solution, The tract of degeneration appears on 
cross-section paler than the normal tissue; the pyramid is considerably : 
paler than its fellow; in the lateral column the pyramidal tract gives a 
large pale spot into which the deep yellow of the surrounding healthy 
column very gradually fades—so gradually that its limits cannot be fairly 
represented even in diagram by a line. Once well within the margin ~ 
however the degree of pallor of the area itself does not become more 
intense toward the centre; but the degree of bleaching for a given date 
appears to be in proportion to the size of the lesion in the “ cord-area” 
of the cortex cerebri. This change visible on the 9th day may be traced 
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throughout the whole length of the pyramidal tract, from the cortical 
lesion to the upper lumbar region—and appears as advanced at the level 
of the 2nd lumbar nerve as at that of the 2nd cervical. 


2. Inthe 3rd week the change appears much the same as on the 
9th day, but altered nerve-fibres are more numerous, and cells lying in the 
neuroglia are more numerous. Moreover’ there seems in the connective- 
tissue framework wherein the nerve-fibres are set, a disarrangement of 
the orderliness of the network as compared with the healthy side; the 
disposition of the meshes is less regular. To the unaided eye the 
degeneration has become more evident ; but the area it oceupies in cross- 
section seems no larger than before. In the fresh unhardened tissue the 
naked eye detects nothing at this period, nor can it on the ninth day. 


3. In cross-sections of the cord, where the degeneration has been allowed 
to run nearly two months, the disarrangement of the connective tissue 
network is very apparent, and the main radiate trabeculae are thickened 
and have numerous thickish side-branches, Some nerve-fibres seem to. 
have disappeared ; others still bear the granular, badly-coloured, slightly 
enlarged, aspect seen in the second week; cells in the neuroglia are very 
numerous. To the naked eye the degenerated tract is still paler than 
before. In cross-section it offers an area not quite so large as at first ; 
at the margin the passage from obviously degenerated to healthy tissue 
has become less gradual; the shape of the area is not altered. By this 
date, and even so early as the fifth week, the naked eye can find the 
degeneration in the fresh unhardened cord, as a milky rounded spot, in 
section, not quite so large relatively to the whole area of the lateral 
column as the degeneration visible in a hardened specimen. At the 
base of the brain there is no-evident difference in size’ between the 
pyramid on the degenerated and that on the undegenerated side; and the 
cross-sections of the pyramids show no difference in size although, after 
bichromate preparation, the degenerated may appear almost pure white 
beside the healthy. , 

At this time too—the latter part of the second month after operation 
—a degeneration is found in the lateral column of the cord on the same 
side as the cerebral lesion—i.e. in the left lateral column if the cerebral 
lesion be of the left hemisphere. This degeneration is situate in the 
same dorsal part of the lateral column in which lies the crossed pyramidal 
tract. The appearance thus given, e.g. in the cervical cord, is as though 


1 This holds only for adult dogs. In young puppies a difference in size between the 
pyramids is observable a month after the cortical destruction. — 
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degeneration of both crossed pyramidal tracts were following from lesion 
of one cerebral hemisphere ; although one would nevertheless remark 
that the degeneration in the lateral column on the side opposite to 


_ the hemisphere operated on appeared the older and further advanced of 


the two, 

In cross-sections of the cord this new degeneration is at this stage 
traceable with the naked eye from the third cervical nerve-root through 
the whole cervical enlargement. For the dorsal and lumbar regions my 
observations are not complete, but in neither region is it observable by 
the naked eye. Both to the microscope and unaided eye the characters 
of this area closely resemble those given by degeneration of the crossed 
pyramidal tract in the second week after cerebral injury, for it occupies 
a similar position, is of similar shape, and gradually merges into the unde- 
generated region bya similar ill-defined edge; and the degree of pallor 
within that margin is uniform and slight. For reasons mentioned below 
I propose to call this tract thus degenerated a “re-crossed” pyramidal 
tract. An experiment shows that this bilateral anatomical change 
resulting from unilateral cerebral injury has a physiological equivalent. 
In the dog and the rabbit, five weeks after a destruction in the “cord-area” 
of the cortex, electric stimuli applied to the degeneration in the corona — 
radiata, after removal of the scar of the original wound, give no move- 
ments on either side of the body even when the currents used are very 
strong; applied to corresponding points of the opposite hemisphere 
they evoke, when moderately strong currents are used, movements on 
both sides of the body. 

4, Six weeks later, in the fourth month after the cerebral lesion: 
tion, the degeneration in the opposite lateral column, i.e. in the crossed 
pyramidal tract, shows still more obvious increase of connective- tissue 
elements; fine blood-vessels are abnormally numerous, there are still the 
altered nerve-fibres, and some nerve-fibres seem to have disappeared. 
To the naked eye the degeneration is whiter, smaller, and more sharply 


defined than formerly. If the cerebral lesion has been large, the 


pyramid of the same side as the injury is now obviously smaller than its 
fellow, especially when the areas of the two cross-sections are compared. 

In the lateral column of the same side as the brain lesion, i.e. in the 
area of the re-crossed pyramidal tract, the degeneration is little changed. 
What change there is, is in the direction of greater pallor, and sharper 
edge. But the obvious longitudinal extent of it is greater. It now 
runs from the region of the third cervical nerve-root to that of the second 


_ dorsal, and then again from close above the ninth dorsal to disappear 
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above the second lumbar. There may be traces of it throughout the gap 
between the above two distinctly affected districts. The change seems 
confined to the nerve-fibres; the connective-tissue network shows no 
overgrowth, its septa are not thickened. 

5. In the fifth month, as the result of a very large lesion, the 
degenerations have the appearances shown in figures 2—12, Plate IV. 
‘The references to the figures are given on p. 190. The intensity of the 
degeneration is meant to be represented by the depth of the stippling. 
The stippling for the left half of the spinal cord in fig. 5 is rather too 
deep. The example from which the figures were drawn showed well an 
essential difference between the. degeneration of the two sides, 

On the right side of the cord the amount of degeneration shows an 
unbroken decrease from the brain tailwards; so that, if at any point in 
the length of the cord the amount of degeneration there visible in 
section be taken as the unit, in none of the sections above, nearer the 
head, is the amount less than the unit, and in none of the sections below, 
nearer the tail, greater than the unit. The decrease however is not regu- 
lar, but is most rapid just behind the pons, about the decussation of the 
pyramids, in the cervical enlargement, and in the anterior lumbar region. 
In the lateral column on the same side as the cerebral injury the 

degeneration runs throughout the cord from the posterior end of the 
decussation of the pyramids to the second lumbar nerve-root. It is 
_ present throughout the region of the dorsal nerves, but is not so marked 
there as it is above and below the dorsal region ; it is especially slight 
between the 4th and 7th dorsal nerve-roots, I believe that it is present 
also at the base of the brain in the pyramid of the opposite side to the 
hemisphere injured, but very slight there, the altered nerve-fibres being 
few and scattered ; I fail to find them at all higher than the pons. This 
degeneration obviously does not show unbroken decrease in amount, 
from the brain distally; it is far greater in the upper cervical region 
than in the pyramid; and greater in the lower dorsal than in the middle 
dorsal region. 

On neither side can I trace the degeneration further distally than 
the root of the second lumbar nerve. Histologically the degeneration of 
the re-crossed pyramidal tracts differs from the degeneration of the 
crossed pyramidal, mainly in being accompanied in a far less degree by 
overgrowth of connective-tissue, 

It was notable in the specimen figured on Pl. IV. that the ocienad 
had not shrunken at all, though the degeneration was of four months’ 
standing; this I am confident is an exception to a general rule, 
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6. By the middle of the seventh month the pyramid of the 
injured hemisphere is always much shrunken, even although the cortical 
injury be not so large as ashilling-piece. It has acquired a smooth surface 
quite other than the sculptured face of a normal pyramid when hardened 


in Miiller’s fluid. The tracery, chiefly due to very various arrangements of 


the inferior arciform fibres, is lost. At this stage, if the cortex Jedion be 
quite large, the microscope will find scarcely a healthy nerve-fibre in the 
whole pyramid. Not only is the area given by the degeneration larger 
than in any part of the spinal cord, but the degree of completeness of 
destruction is far greater than in any region of the cord. The pyramid 


_ has become a mass of fine fibrous tissue, staining deeply with carmine, 


and containing a granular debris of rather highly refracting particles ; 
the particles are not, or very little, coloured by carmine; treated with 
osmic acid they become brown. 

Where the pyramidal tract adjoins the subolivary tract (Oliven- 
zwischenschicht), just behind the trapezium for instance, the degenerated 


_ bundles of the pyramid have at their peripheries normal fibres, which on 


cross-section appear arranged in more or less complete rings. As the sub- 


_ olivary tract does not degenerate from cortex injury, these healthy nerve- 


fibres running parallel with the pyramidal-tract fibres, but forming sheaths 
round the bundles of these latter, belong probably to the subolivary tract’. 
And I find a similar arrangement shown by sections of this region from a 
three-weeks old puppy, in which the fibres of the subolivary tract have 
acquired their medullated sheaths, and the pyramid fibres have not. 
The degeneration of the crossed pyramidal tract cannot in the seventh 


month be traced by the naked eye so far distally along the cord as it 
- could formerly ; in my specimen I lose it at about the 10th dorsal nerve- 


root. .Where it can be seen, its cross-section is considerably smaller 
than in the early months, and has become more circular. With the 
microscope however it can be traced to the 2nd lumbar nerve-root, and 


is found throughout to contain but very few altered nerve-fibres, and 


very many healthy ones, supported by trabeculae of connective tissue 
thicker and more numerous and less regularly disposed than before. 
The healthy nerve-fibres are of various sizes, but may be roughly 
grouped into large and small; the latter appear to be relatively less 
numerous than they are normally in the dog in this area. The inference — 


_is that those fibres of the lateral column which belong to the crossed 


pyramidal tract are among the finer fibres of that column. 


1 Cf. an observation by Schifer, this Journal, Vol. 1v. p. 323, 
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In the lateral column of the same side as the cerebral lesion a 
degeneration is still evident to the naked eye, but in the only specimen 
which I have of this date, it cannot be traced with certainty between 
the 1st dorsal and the 8th dorsal nerve-roots. Opposite the 9th dorsal it 
is very clearly seen, and can be traced distally to just beyond the 2nd 
lumbar. Witbin the cervical region it exists from the 4th nerve-root 
downwards throughout. At the base of the brain the pyramid in and 

below the pons shows scattered altered fibres. 

With this degeneration there is extremely little increase of support- 
ing tissue; in the upper cervical region the fine blood-vessels of the 
tract are more numerous than is normal. 3 

7. Eleven months after the cerebral lesion the pyramid of the injured 
hemisphere is still more shrunken. After a large lesion its breadth may 
be but three-fifths that of the opposite; its area on cross-section shows 
yet greater diminution, its colour is dead white, its surface is perfectly 
smooth and unsculptured. After even a large cortical injury, the spinal 
cord at this date shows no spot of degeneration to the naked eye. 
Should a trace still be seen, it is in the proximal cervical region of the. 
crossed pyramidal tract; there on cross-section may be perhaps a well- 
rounded fleck rather less than a millimeter across, semi-translucent and 
grey in the fresh state, dead white in the hardened cord. Doubtless 
Charcot’s expression “degenerescence grise” is taken from degenerations 
at this stage. The central point of this spot is situate, in a cross-section 
of the cord, rather posteriorly to the central point of the large roughly 
triangular area occupied at first by the degeneration. : 

But in carmine preparations, and successful osmic acid stainings, 
the degeneration of the crossed pyramidal tract is still seen with the 
greatest distinctness throughout the cord to about the 2nd lumbar root. 
It shows as a fine fibrous scar which carmine, logwood, &c., colour 
deeply, traversed by very numerous healthy nerve-fibres of various sizes. 
There are now no ill-staining, granular axis-cylinders; the active stage 
of the degeneration has probably been over for some time. 

By this date however it is with extreme difficulty that any trace of 
the degeneration in the lateral column of the same side as the cerebral 
lesion can be shown. The degeneration of the re-crossed pyramidal 
tracts, even when rife and where most marked, is not accompanied by 
such an increase of the fibrous connective tissue as is degeneration of 
the crossed pyramidal tract, and passes away without leaving such a scar. 
Also in the pyramid of the side opposite to the lesion is no record of 
any sparsely scattered fibres which it may have lost. 
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To consider shortly the tracts degenerating in the cond | on the same 
side as the hemisphere operated on. 

The dorsal part of the lateral column, in which lie the fibres. of the 
crossed pyramidal tract, admittedly contains some other fibres. My 
material convinces me that these other fibres are very numerous. For even 
after destruction of the whole “ cord-area” of a hemisphere has removed 
in toto a crossed pyramidal tract, the scar from the degeneration is 
extremely thickly set with healthy nerve-fibres. When the whole 
cord-areas of both hemispheres have been destroyed the scars in the two 
lateral columns appear not quite so thickly set with healthy nerve- 
fibres, as the scar left by degeneration of a single crossed pyramidal tract. 
This points to there being among the fibres left over after destruction 
of a crossed pyramidal tract, fibres which are destroyed by injury to the — 
hemisphere on their own side of the body. 

The local variation in amount of the degeneration in the lateral 
column on the same side as the brain lesion, appears especially correlated _ 
to the limbs, and hints at the existence of a system of somewhat short 
tracts rather than of one lengthy tract like the crossed pyramidal. 

This system appears to begin to degenerate after the crossed 
pyramidal tract is already degenerating in its entire length, and at a 
time not earlier than the third week, nor later than the end of the 
second month, after the cortical. destruction. Thus there would seem to 
be between the crossed pyramidal tract and those tracts which one may 
call the re-crossed pyramidal, a nodal point, at which the process of 
degeneration is delayed for a time. And such is indicated by results of 
stimulation of the “cord-area” of the cortex. With quite weak in- 
duced currents applied to a suitable spot of the area the movements 
obtained are on the opposite side of the body and confined to the face. 
As the secondary coil is approached to the primary, muscles first of the 
fore-limb then of the hind-limb of the opposite side are convulsed as well. 
By further increasing the stimuli muscles on the same side the body as 
the hemisphere stimulated are made to contract. This observation I 
am well aware merely confirms what has often been recorded, but it 
has an interest here, in the fact that, as the degeneration process, after 
involving the whole length of a crossed pyramidal tract, is for a little time 
arrested before crossing the median line to the lateral column on the 
same side as the cerebral lesion, so the impulses from the cord-area of the 
cortex must overcome the resistance of the whole length of the crossed 
pyramidal tract before they can break down the resistance offered to 
their crossing the median line. The delay of the degeneration process at- 
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the junction between the crossed and re-crossed tracts, and the resist- 
ance encountered there by nervous impulses, indicate that the junction 
is effected through ganglion cells. Below the pyramidal decussation 
there appears to be no compact bundle of fibres passing en masse across 
the median line, unless in the anterior commissure. But there are 
medullated nerve-fibres crossing in the grey matter in abundance, and 
these may account for the derivation of the re-crossed tracts from the 
crossed by scattered fibres diffused along the whole length of the cord; 
and fibres issuing from the grey matter along the medio-dorsal aspect 
of the lateral columns do seem especially numerous. 

In the dog and the rabbit the muscles on the same side as the cortex 
stimulated which respond most readily to stimulation are those of the 
neck and fore-limb. Itis between the 3rd and the 7th cervical nerves that 
the re-crossed tracts first show degeneration. 

_ As to the direct pyramidal tract, I can only repeat a statement 
previously made in a paper by Langley and myself;—that there seems 
no evidence of its existence in the dog. But of the two views held of 
the meaning of that tract, the discovery of tracts degenerating in the 
lateral column of the same side as the cerebral injury destroys the clinical 
arguments for one. Hughlings Jackson and Flechsig consider the 
fibres of the direct pyramidal tract to embouch into motor mechanisms 
for the same side the body as the tract lies. The clinical grounds 
adduced by Hughlings Jackson’ are strong; but, if tracts degenera- 
ting in the lateral column on the same side as the brain lesion can be 
found in man as in the dog, these grounds are removed. And one 
cannot suppose so great a difference between dog and man that in the 
former the cortex of each hemisphere is bound to both lateral columns 
of the cord, in the latter to one only. 

There seems no reason for thinking the tracts I would venture to . 
call the re-crossed pyramidal are in any way representative in the dog 
of the pyramidal tract of man. 

The tract described as the pyramidal tract by Flechsig from study 
of the later stages of development of the cord, has been assumed to 
coincide with that which degenerates after lesions of the cord-area of 
the cortex cerebri. Comparison of Flechsig’s pyramid tract in the 
puppy with degenerations following complete destruction of the “cord- 
area” of the cortex throws doubt on this assumption. Flechsig’s 
pyramidal tract seems considerably larger than the area occupied by 


1 Cf. also Charcot, Lecons sur la localisation, &c., p. 356. 
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the degeneration. Throughout the cord the cross-section of Flech- 
sig’s pyramidal tract is, roughly speaking, a longish oval with its long 
diameter dorso-ventral. That of the degenerating cerebral pyramidal 
tract is more nearly circular; the figures in Pl. IV. show how nearly so. 

In the cervical region a fair share of Flechsig’s pyramidal tract 
lies ventral to the roots of the spinal accessory nerve. As the latter 
pass outward through the lateral columns they are seen black across the 
yellow field of Flechsig’s tract. I have never found degeneratiag 
fibres lying ventral to the spinal accessory root-fibres, _ 

Flechsig’s pyramidal tract touches the periphery of the spinal 
cord just in front of the fissure for the posterior nerve-root. In no case 
and at no level of the cord does degeneration of the cerebral pyramidal 
tract give on cross-section an area which reaches the periphery of 
the cord ; not even when degeneration of re-crossed pyramidal tract is 
superposed on that of crossed. I have not found any trace of undue 
adherence of the pia to the surface of the cord over the most complete 
degeneration. 

In Flechsig’s crossed pyramidal tract there must be included fibres 
lying ventrally, and also dorso-externally, to those which belong to: the 
brain-cortex ; and these must be confined to the cord, | 

The medullated fibres scattered among the non-medullated of 
Flechsig’s crossed pyramidal tract in a three-weeks old puppy do not 
seem so numerous as the healthy fibres left in the same area of 
the lateral column after degeneration in the adult dog of both crossed 
and re-crossed pyramidal tracts. Therefore the fibres of the re-crossed 
tracts may acquire wnedullated sheaths about the same time as do those 
of the crossed tracts, so that by the developmental method it may 
a difficult to distinguish the one from the other. 


In the cord of a dog of Professor Goltz’s which had lived after 
removal of large portions from both hemispheres, the earliest removal 
dating back nine months before death, and the earliest removal from the 
“‘cord-area ” probably seven months before death, a peculiar change had 
occurred which was described in a paper by Langley and myself 
in Volume v. of this Journal. Mr Langley there proposed to call 
the change a tertiary degeneration. Its histological characters were 
those of a chronic myelitis without the sclerosis, and unlike any phase 
of Wallerian degeneration, The evidence that it affected any one 
system of fibres was not clear. The term “tertiary degeneration” is 
however supported by facts observed during the present research, In 
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the cord of a dog killed 268 days after a large lesion of the anterior part 
of one hemisphere, including much of the “ cord-area,” I find the same 
appearances though of slighter extent. In the cord of a dog from 
whom a huge portion of the cortex of both hemispheres had been 
removed in six operations, the first performed 733 days before death, 
the cord-areas being probably injured twenty-one months before death, 
the same appearances are well marked. Here they become more 
and more extensive in passing from the upper cervical region to the upper 
sacral ; in the lower sacral region they are not so advanced. In the 
cervical region the fibres involved lie chiefly in the median part of the 
anterior columns—especially about the bottom of the anterior median 
fissure. Passing distally along the dorsal region, many fibres in the 
posterior columns are affected as well, and more and more numerously 
the more distal lies the level of the section. Both Goll’sand Burdach’s 
columns are attacked, but especially the latter; and the latter most 
in its portion adjoining the grey cornu. At some levels Burdach’s 
column contains few unaffected fibres. In the lower dorsal, the lumbar, 
and the sacral regions the degenerated fibres occur in the posterior nerve- 
roots, but in the roots are relatively to sound fibres not nearly so 
numerous as in the posterior columns; they are most frequent in the 
more ventral bundles of that portion of the posterior root which does 
not pass at once into the grey cornu. The degenerated fibres are also to 
be found sparsely scattered through the lateral columns, and among 
those fibres which traverse the scar left by the degenerated pyramidal 
tracts. Nowhere have I found them in the direct cerebellar tracts, or in 
the anterior nerve-roots; an evidence that the change respects certain 
fibre-systems. In the case mentioned above, where the extent of 
the change was slight, the fibres involved lay exclusively around the 
bottom of the anterior fissure, and in a portion of Burdach’s column 
next the grey matter. 

Of points in the histology of the tertiary degeneration I hope to 
speak in a more complete description than the present. It seems 
however worthy of remark here that, in the same way that the speedy 
degeneration of the crossed pyramidal tract of the dog, visible throughout 
the cord to the 2nd lumbar root in nine days after cortical lesion, 
is accompanied by considerable sclerosis and leaves a fibrous scar, 
whereas the later and more chronic degeneration of the re-crossed 
pyramidal tract is accompanied by far less sclerosis, and leaves 
practically no fibrous scar; so in its turn is the yet. more tardy and far 
more chronic tertiary degeneration unaccompanied by any sclerosis ; 
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it causes no increase of connective-tissue elements. This feature of 
itself suffices to distinguish the histology from that of the change 


in tabes dorsalis, despite a similarity in the varicose fibres of the two. 


These observations point to the dorsal angle of the lateral columns 
being occupied by nerve-fibres of several tracts commingled. In the 
cervical region for instance it contains 


(a) fibres belonging to the crossed pyramidal tract, from the cord- 
area of the cortex of the opposite hemisphere, 


(b) fibres belonging to the re-crossed pyramidal tracts, = to 
the cord-area of their own-side hemisphere. 


(c) fibres which a tertiary degeneration involves. | 
(d) fibres which are unaffected by the secondary or tertiary de- 
generations— 
i. small and numerous. 
ii. large and less numerous. 


(e) fibres which acquire the medullary sheath at thes same time that 
the fibres from the cord-area of the hemisphere do, but which do not 
degenerate with them. 


(f) scattered fibres which a. not acquire the medullary sheath at 
the same time as do the fibres (a) and (e). 


Perhaps (e), or (f), or both, should be classed with (c) or (d) 0 or even 
with (6). Figs. 13, 14 and 15, Pl. V, diagrammatically represent the 
composition of this part of the lateral schoo The explanation - the 
diagrams ison p.191, 

Corpora amylacea are not found at any stage in the secondary 
or tertiary degenerations of the dog, a fact hard to reconcile with views 
held about the formation of these bodies, “Colloid bodies” occur among 
the zig-zag varicose fibres of the tertiary degeneration. 

The distance to which in the dog the crossed pyramidal tract 
reaches posteriorly, would, by the point to which the degeneration of 
it is traceable, be placed a few millimeters beyond the third lumbar 
nerve-root. Nor does the degeneration of the re-crossed pyramidal tract 
seem traceable beyond that level. 

As to whether or no the site of the degenerated area in the lateral 
column of the cord varies with the varied position of the initial injury in 
the field of the cord-area of the cortex, I cannot detect that it does, 
The fibres from each considerable portion of the cord-area seem 
scattered through the whole thickness of the pyramidal tract in the 
cord. In the cervical spinal cord however, at the lower part of the 
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pyramidal decussation and just below it, the pyramid-fibres shoot into 
the lateral column through meshes of the formatio reticularis in bundles 
almost entirely composed of pyramid-fibres; here it may be that certain 
bundles degenerate after destruction of certain convolutions; my 
examination however is not complete enough to determine this point. 

With regard to any hint of the function of the pyramidal tracts — 
given by study of the degenerations, it is notable perhaps that the 
temporary paralysis and blunted sensibility on the opposite side of the © 
body resulting from operation on a cord-area of the cortex, begin 
to diminish from the first hours after the operation, and are mending at 
the very time that the pyramidal degeneration is running actively 
forward. That the pyramidal tracts are in the dog requisite for voli- 
tional impulses to reach limbs and body seems negatived by the fact 
that the animal can run, leap, turn to either side, use neck and jaws, &c. 
with ease and success after nearly, if not wholly, complete degeneration of 
these tracts on both sides. Further, after complete degeneration of one 
pyramid, there is in the dog no obvious difference between the move- 
ments of the right and left sides, 

But in view of the possession by each hemisphere of tracts in both 
halves of the cord this fact becomes less striking; because, although 
both lateral columns have alike lost a more or less direct connection 
with the cerebral cortex, at the same time both alike retain one. 

The tendon-reflexes are easily obtained in the dog. For the first 
week after operations on the “cord-area” of the hemisphere they are not 
so easily obtained on either side of the body; I find no obvious difference 
between them on the two sides; in all four limbs they seem depressed. 
During the second week after the operation they recover their normal 
briskness, and at the end of that time are brisker than normal upon the 
side opposite to the brain injury. Later they become more exaggerated, 
and in both the hind limbs the patella reflex and the ischial reflex show 
about an equal exaltation. To judge in fact from the deep reflexes only 
one would imagine the dog to be suffering from a paraplegia rather than 
from a hemiplegia. This course of symptoms agrees closely with the dis- 
tribution in place and time of the anatomical lesions described above, and 
the two may be correlated. I have never succeeded in obtaining clonus 
in thedog. The difference between the recovery of arm and leg frequent 
in man is not observable in the dog. In young puppies in whom portions 
of the sigmoid gyrus had been destroyed, I was unable six weeks after 
operation to detect anything abnormal in movements, and the deep 
reflexes seemed about normal, and equal on the two sides of the body. 
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Tn conclusion, the facts which I would desire to lay stress on are— 
That injury to the “cord-area” of the cortex of one hemisphere 
- causes degeneration in both halves of the sens cord, in the dorsal angle 
of the lateral columns. 

That there is no reason to think this bilateral degeneration is a 
degeneration of the two crossed pyramidal tracts. 

That the clinical symptoms of a unilateral cortex-injury. become 
bilateral and accord with the bilateral anatomical change. _ on 

That in the dog after large destruction of both pyramidal tracts | 
voluntary power is so completely retained that defect of motion is 
observable only as a clumsiness in execution of fine movements, — 

That in the adult dog at least degeneration of the pyramid. tract is 
accompanied by exaltation of the deep reflexes. 

That the pyramidal tracts, as marked out by the date of acquirement 
of the medullary sheath by the fibres, do not coincide with those marked 
out by degeneration after destruction of the “cord-area” of the cortex 
cerebri; the former are larger than the latter, including as well oneer 
fibres which do not come from the brain. : 

That the histology and chronology of the secondary and tertiary 
degenerations of the spinal cord are not similar to those of the 
Wallerian degeneration of peripheral nerves. 


EXPLANATION OF PLATES IV. AND V. 


Plate IV. Brain and cord of dog in the fifth month after large Inside of 
left hemisphere. 


_ Fig. 1 a. Left hemisphere—the outer broken line marks the limit of 
adherence of the scar to the thickened dura-mater. 
. Fig. 1 6. Uninjured right hemisphere. 
Fig. 2. Section through pons Varolii. 
Fig. 3. » through lower olive. 
Fig. 4. ,» immediately below the pyramidal decussation. 
Fig. 5. », below the second cervical nerve. 
F ig. 6. ” ” third ” oo”? 


Fig. 7 ” ” fourth __,, ” 
Fig. 8 ” ” fifth Py ” 
Fig. 9 ” ” seventh ,, ” 
Fig. 10 sixth dorsal 


_ Fig. 12, ” ” twelfth ” » 
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Plate V. 


Fig. 13. Diagram to show the constitution of the dorsal portion of the 
lateral columns of the cord in the cervical region of the dog. 
_ The dotted line marks out the area of the pyramidal tract as laid down by 
the date of acquirement of medullary sheath by the nerve-fibres. 

The smaller circles indicate the distribution of the fibres of the crossed 

pyramidal tract as laid down by degeneration secondary to cortical lesions. _ 

The larger circles with a central dot indicate the fibres of the re-crossed 
_ pyramidal tracts. 

_ The crosses indicate fibres between ‘jm of the crossed and re-crossed. 
pyramidal tracts, which do not degenerate secondarily after cortical lesions, 
but some of which do undergo the tertiary degeneration. 

Fig. 14. Thesame, after destruction of the “‘cord-area” of the left cerebral 
hemisphere. 

_ Fig. 15. The same, after destruction of the “ jock: -areas” of both 
hemispheres. 


py. pyramid. 

8.0. upper olive. 

R. restiform body. 

m.o. lower olive. 

ac. sp., sp. acc. rootlets of spinal accessory nerve, passing outwards through 
the lateral column of the cord. 

P. Rt. posterior nerve-roots. 

A, Rt. anterior nerve-roots. 

V.a, ascending root of fifth cranial. 

VI. rootlets of sixth cranial. 

VII. root of seventh cranial. 

VIII. root of auditory nerve. 

XII. hypoglossal roots. 

R. Right side of cord. 

L. Left side of cord. 
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ON THE STRUCTURE AND RHYTHM OF THE HEART 

IN FISHES, WITH ESPECIAL REFERENCE TO THE 
HEART OF THE EEL. By J. A. M°WILLIAM, MD., 
Demonstrator of Physiology in University College, London. Pi. VI. 
(From the Physiological Laboratory, University College.) 


THE contents of this paper are arranged in five parts. 


Part I. deals with the structure of the cardiac tissue, and its vascular 
and nervous supply. 


Part II. treats of (1) the spontaneous rhythm of the various portions 
of the heart and (2) of the sequence of contraction. 

This comprises a consideration of the independent automatic rhythmic 
power manifested by the isolated parts; the order of normal con- 
traction; artificial reversal of the cardiac beat; the influence of contraction 
of one part in inducing contraction of another ; the occurrence of a sino- 
ventricular rhythm; and the phenomena of blookitig. 


Part III. refers to some points in the behaviour of the cardiac muscle 
with regard to direct stimulation. 

This part deals only with the ventricle. It includes certain sie 
mena in connection with artificially-excited contraction ; the effects of 
minimal and maximal excitation; the effects of a periodic wcsina of stimu- 
lations; and some results of faradiaation with currents of different strengths 
and different rates of interruption. 


Part IV. is on the nerve influences affecting the heart. 

This comprises some general points regarding vagus action; the 
effects of cardiac inhibition on the general circulation; the mode in 
which the heart recommences action after a period of inhibition; and the 
state of the various parts of the organ during inhibition—as tested by 
direct excitation of the cardiac tissue. _ 

Also a statement of the effects of vagus stimulation upon each of the 
parts of the heart; and some results obtained by the application of elec- 
trical currents to the auricle, 


Part V. deals with reflex excitation of the cardiac nerves. 
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PART I. 
On the structure of the heart. 


The heart of the eel like that of other Teleostean fishes comprises 
three contractile cavities, the sinus venosus, the auricle and the ventricle. 
The bulbus arteriosus is not contractile ; it is an elastic structure. 

The sinus venosus is placed dorsally and is of considerable size. It 
receives among other large vessels the hepatic vein from below and the 
right and left jugular veins from above. Between the two jugular veins 
at their termination there lies a portion of the sinus which is of consider- 
able physiological importance ; it may be termed the interjugular part of 
the sinus, see Fig. 1, p. 194. When the heart is well filled with blood, 
this part can be seen to be marked off with considerable distinctness from 
the rest of the sinus—especially if the heart be pulled somewhat for- 
ward. This interjugular part of the sinus becomes continuous with the 
dorsal wall of the auricle. . 

At the junction of the sinus with the auricle the whole circumference 
of the sinus wall does not terminate directly in the proper auricular 
tissue as it does in most animals, e.g. in the frog. For here (in the eel) 
the proper auricular tissue does not form a complete chamber, but forms 
the lateral and dorsal parietes of a chamber, the floor of which is made 
up by what appears to be a direct prolongation of the ventral wall of the — 
sinus. This ventral wall of the sinus appears to be prolonged so as to be 
directly attached to the ventricle at the mitral orifice; it corresponds 
with the “basal wall” described by Gaskell as occurring in the heart of 
the tortoise. The auricle appears as a sort of appendage or diverticulum 
expanding laterally and dorsally from this prolongation of the sinus ; the 
auricular cavity is capacious and thin-walled. The auricle is not directly 
continuous with the ventricle ; there is a short intervening tubular com- 
munication resembling the canalis auricularis in the mammalian foetal 
heart. This tubular canal enters the ventricle at the mitral orifice, 
situated a little above the middle of the dorsal aspect of the ventricle. 
The arrangement of the various parts is most obvious when the heart is 
well filled with blood; the different colours presented by the several 
parts render their disposition very evident. The sinus, the basal wall 
and the canalis auricularis are of a blue colour; the auricle is of a dark 
red, and the ventricle of a lighter red tint. 
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The muscular tissue of the heart presents some differences in its 
characters in the various parts of the heart. It consists essentially of 


Exu’s Heart (diagrammatic), 


Fig. 1. 
J.V. Tugular Veins (right and left). 
Au. Auricle. 
V. Ventricle. 
B.A. Bulbus Arteriosus. 
L. Liver. 
1, Ostial parts of Sinus. 
2. Interjugular part of Sinus. 
8. Main part of Sinus. 3 
4, Basal wall of Auricular Chamber continuous with ventral wall of Sinus. 
5. Tubular communication between Auricle and Ventricle (canalis auricularis). 
6.6. Arteries passing to Ventricle. 
7. Veins on surface of Ventricle, 


long, slender, nucleated, transversely-striated, spindle-shaped fibres co- 
hering very closely into bundles. The ventricular fibres are larger, more : 
strongly striated and apparently of a more highly developed type than 
are those of the sinus. The auricular fibres appear to be intermediate 
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in structure between the sinus fibres and the ventricle fibres. The fibres 
of the basal wall and canalis auricularis seem to approach in their 
appearance the sinus type of structure. 

The mode of arrangement of the muscular bundles differs considerably 
in the several parts. In the sinus they form a very open reticulated 
structure, though mostly arranged in a circular fashion. In the auricle 
they present a strongly reticulated appearance, the bundles interlacing 
in every direction and forming a complex meshwork ; they are separated 
by a considerable amount of connective tissue. 

In the canalis auricularis the bundles assume for the most part a 
circular direction ; they form a thickened ring around the mitral orifice. 
And a direct continuity of muscular substance exists between this ring 
and the ventricular muscle. This connection is effected by means of an 
extremely narrow and prolonged strand of muscular fibres which—all 
around the mitral orifice—is prolonged from the muscular wall of the 
canalis auricularis and, penetrating a considerable amount of connective 
tissue which lies in that situation, at length becomes continuous with 
the muscular substance of the ventricle. The muscular continuity 
between the canalis and the ventricle is established by means of a 
_ remarkably long and slender isthmus-of muscle substance. And further 
there is a marked change in the direction of the fibres as they come off 
from the ring before mentioned to pass into the ventricle. These facts 
are of importance when considered in reference to certain phenomena 
which will be described as occurring in this region. 

I have observed a similar structure at this part in the hearts of many 
fishes, in the dog-fish, salmon, cod, &c. 

The muscular wall of the ventricle presents two distinct. parts. A 
transverse section shows that the outer part of the ventricular wall is 
composed of dense and compactly arranged muscular substance; this 
comprises two distinct layers of fibres, an outer for the most part longi- 
tudinal, and an inner chiefly circular in arrangement. 

The greater part of the thickness of the ventricular wall however is 
composed of spongy substance, the muscular bundles being interlaced so 
as to form a complex meshwork, the interstices of which are permeated 
by the venous blood passing through the heart. It is with the inner or 
central fibres of this spongy muscular tissue that the canalis auricularis 
is, in the eel’s heart, directly continuous by the long narrow isthmus 
before mentioned. 

The dense system of fibres forming the outer part of the ventricular 
wall is not permeated by the sisi circulating tarough the heart; it is 
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provided with a special system of blood-vessels which ramify through the 
compact muscular substance. The arteries are derived from the aorta 
or sometimes from a branchial vein; they enter the pericardial chamber 
at its dorsal aspect and thence climb up on to the moving ventricle. They 
are supported in their course by fibrous bands which pass to the dorsal 
and lateral aspects of the ventricle. Many of these bands do not convey 
blood-vessels ; they are simply fibrous structures passing from the walls 
of the pericardial chamber to the surface of the ventricle; they usually 
form a more or less plexiform system and they tend materially to restrict 
the active movements of the ventricle during systole—a function that is 
possibly in relation to the peculiar mode of blood-supply just described. 
There are generally two arteries that pass to each side of the ventricle. 
The veins do not pursue the same course; they run backwards towards 


the mitral orifice and finally open into the canalis auricularis. 


Fibrous bands similar to those just mentioned attach the dorsal 
aspect of the auricle to the wall of the pericardium ; and further there is 
a series of slender threads of the same nature connecting the auricle to 
the ventricle around the canalis auricularis, 

The cardiac structure and blood-supply appears to present consider- 
able diversity in different fishes. Thus in the salmon, the dense outer 


part of the ventricular wall is of great thickness, comprising several 


longitudinal, circular and oblique layers and making up nearly a third 
of the whole substance; the coronary system is accordingly well developed. 
But the arteries, instead of reaching the ventricle in the peculiar fashion 
seen in the eel, pass downwards along the bulbus arteriosus—on the 
ventral aspect of which they lie. The veins, as in the eel, pass towards 
the mitral orifice where they terminate. The canalis auricularis is not 
so well marked as in the eel, but the basal wall is very distinct. 

Again, in the cod’s heart there appears to be no distinct outer layer 

of dense muscular tissue in the ventricular wall ; the whole thickness of 
that wall seems to be permeated by the venous blood which circulates 
through the heart. And there are no coronary vessels to be discerned 
upon the surface as in the salmon, eel and others. 
_ The vagus nerves passing along the jugular veins and through the 
sinus supply many branches to the auricle; they seem to be prolonged 
in the basal wall towards the mitral orifice—many medullated fibres 
can be traced along the basal wall. 

(The chief points in the structure of the ventricle are shown in 
Fig. 1, Plate VI.) 
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PART IL 


On the spontaneous rhythm and the sequence of the different 
parts of the heart. 


The independent rhythmic power of the various parts of the heart. 


The automatic rhythmical contraction seen in the excised heart is very 
persistent ; the action goes on with the greatest regularity, and in the — 
same order as when the organ is in situ. All the portions of the heart 
can exhibit this inherent property, though it exists in very different — 
degrees in the various parts. The experiment of isolating the several 
portions by section shows this very plainly. When the ostial and inter- _ 
jugular parts of the sinus, the auricular basal wall and canalis auricularis, — 
the auricle proper, and the ventricle have all been separated from one 
another, the phenomena of regular rhythmical contraction may yet be 
manifested in each part, though the rate of this independent rhythm and 
the time required for its development present marked differences in the 
several isolated parts. When the experiment referred to has been 
performed, the first of the separated portions of cardiac substance to 
exhibit a rhythmic beat is usually the ostial part of the sinus—which 
indeed may scarcely be interrupted in its action by the operation of 
section. The contraction of this ostial part usually proceeds at about 
the ordinary rate of rhythm seen in the intact heart. Very soon the 
interjugular part begins to beat, its rhythm being at first slow, but 
quickly rising to little less than the rate of the ostial beat. Next, the 
auricular basal wall and canalis auricularis show a rhythmic action at a 
somewhat slower rate. After a much longer pause the auricle begins 
to contract. Its beats are at first very few and far between; they 
gradually increase to a maximum rate, which is far below that of the 
preceding parts. And lastly, after a long standstill, the isolated ventricle 
may gradually come to exhibit a very slow but regular and persistent 
rhythm; in many instances, however, the ventricle fails to show any 
independent rhythmic power. In large and vigorous hearts the whole of 
these phenomena may be observed with the utmost distinctness, The 
regular course of events is at times interfered with by the mechanical 
stimulus of section setting up a short series of beats—a rhythm of 
excitation—in the part which is being isolated. The nature of such a 
series of beats can, however, be readily recognised. 
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Similar results are obtained when the various parts of the heart are 
physiologically isolated by ligature or by clamping. 

The parts of the heart, then, seem to exhibit a regular gradation of 
rhythmic power. The ostial part of the sinus stands highest in the series; 
then the interjugular part ; next the canalis auricularis and basal wall ; 
next the auricle; and oo a considerably lower level—the ven- 
tricle. 

Gaskell has stated as a law (with regard to the tortoise heart) that 
“The rhythmic power of each segment of the heart varies inversely as its 


_ distance from the sinus.” In the case of the eel, this statement does not 


strictly hold good, as the canalis auricularis which is situated between 
the auricle and the ventricle possesses a much higher rhythmic power 
than does the auricle. This is accounted for by the structure of the 
heart—by the fact that the canalis auricularis and the basal wall 
approach very closely in their nature the sinus tissue, and indeed 
might almost be regarded as a prolongation of the sinus tissue. 

There is no apparent proof of any essential difference in the nature 
of the independent rhythm manifested by the several isolated portions; 
the difference appears to be one of degree rather than of kind. By 
the operation of different influences on the separated automatically- 
beating parts, their rhythmic action can often be completely harmonised. 
For instance, if the rapidly contracting ostial part of the sinus be cooled, 
while the more slowly contracting auricle is warmed, the rate of action 
in the two parts may readily be equalised. And by feeding the auricle 
while the sinus is left unfed a similar result can sometimes be attained. 

Small isolated pieces of auricle or sinus can exhibit an independent 
rhythm of apparently the same nature as that seen in the isolated entire 
auricle or sinus. 


The high rhythmic power possessed by the ostial part of the sinus 


renders it, in the intact heart, the leader in the series of events which 


constitutes the cardiac beat. The other parts of the heart contract in 


_ response to impulses originating in the ostial part of the sinus; in this 


way they are made to beat at a much more rapid rate than they could 
show in virtue of their inherent automatic power. Consequently any 
influence modifying the rate of the sinus rhythm will modify the rate of 
rhythm of the whole heart. Thus mechanical tension of the walls of the _ 
sinus accelerates in a marked degree the rapidity of its beats and conse- 
quently of the heart’s rhythm. A rise in temperature affecting only the 
sinus induces a similar result; whereas such influences affecting the 
ventricle are quite inoperative in affecting the cardiac rhythm, Further, 
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the higher rhythmic tendencies of the sinus tissue are illustrated by its 
behaviour in response to stimulation as well as by its great power of 
spontaneous pulsation. It usually contracts most readily on the appli- 


cation of direct stimuli, and frequently in response to a single stimu- 


lation it exhibits a series of rapid beats, instead of a single contrac- 
tion—as usually occurs in the ventricle and auricle. These properties 
are common to the sinus proper and the canalis auricularis; they can 
very well be studied in the latter part when the ventricle and canalis 
auricularis have been severed from the rest of the heart. While the 
severed parts are in a quiescent state, it is found that a single electrical 
stimulation applied to the ventricle leads to a single contraction, after 
which the condition of quiescence is returned to. On the other hand 
the application of a single electrical stimulus to the canalis auricularis 
frequently gives rise to a series of beats. And mechanical excitation 
gives still more marked results. When a small piece of the ventricular 
muscle is seized and held with a forceps a single contraction is usually 
the result; similar treatment of the canalis auricularis leads to a rapid 
and continued series of beats. 


The order of normal contraction. 


In the intact heart the normal systole begins by a distinct simulta- 
neous beat in the right and left ostial parts of the sinus. Hence the 
contraction passes over the interjugular part of the sinus, from which it 
spreads over the auricular tissue, and passing along the canalis auricularis 
finally involves the ventricle. As the canalis auricularis joins the | 
ventricle a little above the middle of its dorsal aspect, the contraction of 
the ventricular muscle begins at that part—it affects the middle part of 
the ventricle before it passes over the ends. 


Artificial reversal of the cardiac beat. 


The order of contraction can readily be altered by direct stimulation 
of any part of the heart. Thus when an induction shock or a mechanical 
excitation is applied to the quiescent ventricle of an intact heart, the 
resulting contraction begins at the stimulated point, and thence spreads 
over the ventricular tissue; it next passes over the auricle, and then over 
the interjugular and ostial parts of the sinus in succession. A number 
of reversed systoles can thus be produced by applying a series of direct 
stimulations to the ventricle. But the reversed order of contraction does 
not usually persist in the eel’s heart after the ventricular stimulation has 
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been discontinued ; in any case such a persistence is of a very transient 
nature. On the other hand Gaskell has found that in the skate’s 
heart a reversal of the normal mode of contraction may persist for forty 
or fifty beats after stimulation of the conus arteriosus has been 
discontinued. 

In a vigorous eel’s heart the passage of a constant current through 
the ventricle is at times sufficient to cause the ventricle to initiate the 
cardiac contraction and so lead to a reversal of the normal systole during 
the continuance of the current. 

Whilst the reversed action is from any cause present, a marked 
obstruction of the circulation occurs, and the auricle and sinus become 
largely distended with blood. For tke ventricular beat occupies so long a 
period that the auricular beat occurs before the ventricle has relaxed, 
and the auricle is of course unable to discharge its contents into a 
contracted ventricle. a 


Influence of contraction of one part in inducing contraction of another. 


An auricular systole—whether spontaneous or artificially induced— 


leads very readily to a ventricular beat. The influence which it exerts 
in this direction appears to be much more powerful than that of a mere 


minimal stimulus directly applied to the ventricular tissue. For a rapid — 
series of auricular beats can induce a series of rapidly repeated ventri- — 
cular beats, whereas. mere minimal excitations of the same rapidity 


directly applied to the ventricle would be entirely unable to bring about 
such a series. 

A partial contraction of the auricle sometimes does and sometimes 
does not lead to a ventricular beat. When the partial contraction is 
confined to a part of the auricular tissue remote from the ventricle, 
no beat of the latter occurs; but when the partial contraction involves 
the part of the auricle adjacent to the ventricle, a contraction of the 
latter follows just as if a complete auricular systole had taken place. 
Stimulation of the auricle is never seen to lead to a ventricular beat 
without the occurrence of a contraction in the intervening auricular 
tissue. 


The sino-ventricular rhythm. 
The peculiar anatomical structure and arrangement of the eel’s heart 
renders possible the appearance of another form of ventricular sequence, 


which I have noticed in the hearts of several fishes, but which has not, 
as far as I am aware, been described in the hearts of other animals. 
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This is the occurrence of ventricular beats in sequence to sinus beats 
without the intervention of any contraction in the proper auricular 
tissue. This mode of action—a sino-ventricular rhythm—can often be 
observed for considerable periods of time, during which it goes on with 
the utmost regularity. As a result of certain nerve influences—to be 
afterwards detailed—such a rhythm is a common manifestation. The 
contraction originates in the sinus (interjugular or ostial part) and after 
an appreciable pause passes over the ventricle; the auricle meanwhile 
remains perfectly motionless. The contraction is in this case transmitted 
from the sinus to the ventricle along the basal wall of the auricle—which 
has been described as a sort of prolongation of the sinus. This basal 
wall is evidently quite distinct physiologically from the proper auricular 
tissue since it can readily conduct a series of contractions from the sinus 
to the ventricle, under circumstances when the auricular tissue proper is 
entirely unable to conduct a contraction. Moreover the presence of the 
proper auricular tissue is not at all necessary for the propagation of a 
contraction from the sinus to the ventricle; for the whole auricular 
tissue can be removed without affecting the sequence of the ventricular 
beats upon the sinus beats—as long as the basal wall or a small part of 
it is left intact. The fact that the ventricular beats do occur in re- 


_ sponse to impulses propagated from the sinus can readily be shown by 


detaching the ventricle at the mitral orifice; it is then found that the 
ventricle stands still permanently or goes on—after a long pause—at 
a rate of rhythm very much slower than it exhibited as long as it was 
in connection with the sinus. 

It may be remarked that in the case of the sinus and ventricle as in 
the case of the auricle and ventricle, the contraction of one part seems 
to have a strong tendency to induce contraction in the other. Thus a 
stimulus insufficient in certain circumstances to cause contraction in the 
sinus when directly applied to that part may readily lead to a sinus 
beat when applied to the ventricle; a ventricular beat is first caused 
and this induces a responsive sinus beat. 

In the hearts of the salmon, carp, &c. a similar transmission of 
contraction from sinus to ventricle (apartgfrom the mediation of the 
proper auricular tissue) seems also to occur. 

On the other hand the propagation of contraction from sinus to 
ventricle can very readily occur through the proper auricular tissue. 
When the basal wall has been completely divided, the contraction still 
passes with the greatest regularity from sinus to ventricle by traversing 


_ the proper auricular tissue. 
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_ It appears then that there are two paths by which a contraction can 

be propagated from the sinus to the ventricle ; one path is through the 
proper auricular tissue, the other through the basal wall. These two 
paths are quite distinct physiologically; their condition in certain 
circumstances (e.g. under particular nerve influences) may be such that 
one path can readily conduct a contraction whilst the other path is 
entirely impassable. 


The phenomena of blocking. 

Gradual section of the proper auricular tissue shows that a very 
slender strip is sufficient to allow a contraction to be propagated. A 
block can easily be caused by further section or by carefully-applied 
pressure in the same way as Gaskell has described for the heart of the 
tortoise. And many of the conditions attaching to blocking which 
Gaskell described can be readily observed in the eel’s heart. A 
gradual recovery from the blocked condition is of frequent occurrence, 
and such recovery is materially assisted by the application of the normal 
salt solution (‘75°/.) or by an increase of temperature. And a period of 
quiescence of the cardiac muscle resulting from vagus stimulation is 
frequently followed by a partial or complete recovery from the blocked 
condition. 

_ A phenomenon which bears the appearance of a natural blocking is 
frequently to be observed in the eel’s heart. I refer to an interruption 
in the normal sequence which is of frequent occurrence especially in 


course of prolonged experiments. The usual break in the sequence is a 


partial or complete cessation of the ventricular action whilst the other 
parts of the heart go on beating. The ventricular beats may be much 
delayed in their occurrence; there may be only one ventricle beat for 
two, three or more beats of the other parts; or the ventricle may stand 
still altogether. And when the ventricle does stand still it can 
commonly be shown to be still quite excitable to direct stimulation ; it 
appears to be in a condition quite capable of strong rhythmic action, 
provided the impulses to beat are supplied. But the impulses origin- 
ating in the sinus and passing over the auricular tissue and canalis 
auricularis fail to be propagated to the still-excitable ventricle, and 


_ hence the latter part remains in a motionless state. There appears in 


this condition to be a block at the junction of the ventricle with the 
rest of the heart at the mitral orifice. 

A similar block at the mitral orifice may often be observed when the 
ventricle and canalis auricularis have been separated from the remainder 
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of organ. After a time the canalis exhibits its inherent 
power of rhythmic contraction, and the ventricle often beats in response 
to this rhythm—the contraction originating in the highly rhythmic cana- 
lis being transmitted to the ventricle which is in itself endowed with a 
very low automatic capacity. But after a time the contractions arising 
in the canalis fail to be propagated regularly to the ventricle; an 
occasional contraction may pass to the latter part, or all may fail to pass, 
and a complete standstill of the ventricle be the consequence. Now in 
both these cases—in the intact heart, and in the ventricle-canalis 
preparation—the essential state of matters appears to be the same; there 
is an interruption or blocking of the contraction at the mitral orifice. 
This blocking presents many of the same characters as the blocking 
which can be artificially induced by section or pressure in any part of 
the cardiac tissue, and it appears to be affected by the same influences 
—heat, salt solution, vagus stimulation. 
With regard to the conditions obtaining in reference to a block, 
Gaskell has laid down that— | 


(1) Variations in the strength of a stimulus applied to the tissue 
on one side of a block have no effect on the passage of the contraction 
over the block. When a block is established in the auricle (by section 
or pressure), and artificial contractions are excited by induction shocks at 
the sinus end of the auricle, the strength of the induction shocks used 
to excite these contractions has no influence with regard to their 
conduction or non-conduction across the block. Such a fact is readily 
intelligible when it is borne in mind that minimal stimulation of the 
cardiac muscle is at the same time maximal; that variations in the 
strength of shocks exciting contractions do not influence the strength of 
the contractions. 


(2) That two consecutive contractions cannot pass the block unless 
a sufficient time elapse between the contractions. 

Gaskell seems to attribute the whole phenomena of blocking to the 
condition of the tissue at the site of the block. But it appears that 
there is another factor apart from the state of the blocked tissue, viz. the 
strength of the contraction which arrives at the blocked tissue. For the 
strength of this contraction seems to exert an important influence with 
regard to its conduction or non-conduction across the block. 

It can readily be shown that in the case of the natural tendency to 
blocking at the mitral orifice, this tendency can be greatly increased 
and, indeed, a complete block established, by means which in all 
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probability do not act directly upon the tissue at the site of blocking at 
all. For whenever there is a tendency to blocking in this situation— 
when there is any tendency for the ventricular sequence to be delayed— 
we can as a rule bring about a complete ventricular standstill simply by 
diminishing the strength of the contractions of the rest of the heart, and 
thus the strength of the contractions that arrive at the site of blocking. 
This can be done by inducing a rapid and at the same time feeble mode 
of contraction in the auricle and sinus—an object which can be attained 
by heating these parts alone or by applying to either of them a rapid 
series of electrical or mechanical excitations. It is found that the 
rapid and consequently feeble beats of the auricle and sinus entirely fail 
to pass the block at the mitral orifice; consequently the ventricle stands 
still and may remain motionless for many minutes, though it is still 
quite excitable to direct stimulation. When the auricular beats become 
slower and stronger the ventricle again begins to respond. 

It may be argued that the rapidity of the auricular beats is the 
cause of their non-propagation—that a sufficient time is not allowed to 
elapse between the arrival of each contraction at the block. This might 
of course account for the non-propagation of some of the rapid contrac- 
tions, but it is obviously impossible to explain in this way the non- 
propagation of all the contractions—the total failure of propagation for 
several minutes. 

It may be urged that there is possibly some change induced in the 
condition of the tissue at the site of blocking by the means adopted to 
enfeeble the contractions of the auricle and sinus. There is no obvious 
reason, however, for assuming such to be the case—for assuming that 
the application of a series of local mechanical or electrical stimuli to the 
sinus, or the heating of the sinus alone should lead to a direct change in 
the condition of the tissue around the mitral orifice. Moreover, it can 
be shown that the non-propagation of the feeble contractions from 
auricle to ventricle is due to the fact of their great feebleness and not 
due to any increased resistance at the site of blocking. For though the 
feeble auricular contractions fail to pass to the ventricle, it is found that: 
an artificially-induced contraction of the quiescent ventricle—a strong 
contraction—can readily pass the site of blocking and be propagated to 
the auricle. Here then we have at the mitral orifice what is really a 
site of possible blocking; whether actual blocking occurs or not seems 
to depend on the strength of the contraction which arrives at the spot. 
When a feeble contraction approaches—from the auricular side—it is 
blocked ; when a strong contraction approaches—from the ventricular 
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side—it is not blocked. And it can be shown that when feeble 
contractions arrive at the natural site of blocking from the ventricular 
side they may be blocked, while strong contractions arriving from the 
auricular side may be readily propagated. It seems then to be clear 
that in certain conditions, blocking occurs or does not occur according as 
the contraction which arrives at the possible site of blocking is a weak 
or a strong one. 

I have observed illustrations of the importance of this condition in 
various animals, In the snake’s heart I found on one occasion that 
when the ventricle was artificially induced to contract at a rate some- 
what faster than the spontaneous rhythm of the heart, there was a 
reversal of the cardiac beat, the contractions originating in the ventricle 
and being thence propagated over the remainder of the heart. But 
when the ventricle was (artificially) made to contract very rapidly—and 
consequently very feebly—there was no reversal of the heart’s beat; the — 
ventricle beats were not propagated to the auricles; the action of the 
auricles and sinus went on in the normal order, apparently unaffected 
by the feeble (and rapidly-recurring) beats of the ventricle. 

It may be argued that feeble contraction of the auricle may fail to 
induce a ventricular beat not because the feeble contraction is blocked 
on its way to the ventricle, but because on arriving at the ventricle, it 
is too weak to excite the ventricle and generate a beat. It has indeed 
been stated that there must be a certain relation between the energy of 
the auricular contraction and the excitability of the ventricular muscle— 
that the auricular beat must be of a certain’strength before it can excite 
a ventricular beat. | 7 

This hypothesis is opposed by several considerations. When feeble 
auricular action has been induced (in the manner described) and is 
going on unaccompanied by any ventricular beats, it can be shown that 
means which tend to improve the conduction power of the tissue around 
the mitral orifice can lead to a complete restoration of the ventricular 
sequence, though the auricular contractions remain of the same strength 
as before. Among the means which may be employed to heighten the 
- conduction power of the cardiac tissue are salt solution and heat; by an 
application of either of these to the mitral orifice alone the ventricular 
sequence may be partially or completely restored without any increase 
in the force of the auricular contractions. It would seem then that the 
cause of failure in the ventricular sequence is due to the fact that the 
weak contraction occurring in the auricle is interrupted on its way and 
fails to reach the ventricular tissue; it is not that the contraction 
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on reaching the ventricle proves too feeble to excite a ventricular 
beat. | 
Some agents which are efficient in improving the conduction power at 
the mitral orifice have already been mentioned, viz. salt solution and 
increase of temperature. Another mode of improving conduction power, 
and so leading to a temporary 9r.permanent resumption of the ventricular 
sequence, is vagus stimulation, leading to inhibition of the heart's action. 
When the inhibitory phase has passed away it is often followed by a 
phase during which the ventricular sequence is completely restored. It 
is difficult to determine in what precise way vagus stimulation leads to 
this result. The period of quiescence may have improved the condition 
of the blocked tissues. And the contractions of the heart are often slow 
and strong for a little time after inhibition; this may conduce to the 
result in question though it is by no means an essential condition. 
Lastly, the vagus stimulation may exercise a direct effect on the blocked 
tissue, leading to an improvement in its conduction power; there is 


however no very conclusive evidence (in the eel’s heart) upon this point. 


With regard to the reason of the frequent occurrence of blocking at 
the spot in question—the mitral orifice—it would be premature to make 


a decided statement. Gaskell has attributed a similar phenomenon in 


the heart of the tortoise to the structural conditions obtaining in the 
muscular tissue at the auriculo-ventricular junction. He describes the 
muscular fibres forming the auriculo-ventricular ring as being of a less 
highly developed nature than the auricle and ventricle muscle—such a 
nature as would be characterised by a lower rapidity of contraction and 
conduction power than that of the more highly developed type of muscle. 
And further he attributes some importance to the fact that the auriculo- 
ventricular ring is narrow, and that a somewhat abrupt change occurs 
in the direction of the muscular fibres along which the — 


Though a block at the mitral orifice is a very frequent cause of 
failure in the ventricular sequence it is not the invariable cause. For it 
is sometimes found in the course of prolonged experiments that the direct 
excitability of the ventricular muscle itself has become depressed ; in such 
cases it is not necessary that there should be any blocking at the mitral 
orifice in order that a ventricular standstill should occur. The ventricle 
may stop action in consequence of its having become inexcitable; in 
such cases the application of salt solution or of heat to the mitral orifice 
does not restore the ventricular 
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FARE 


Some points in the behaviour of the muscular tissue with 
regard to direct stimulation. 


of the in = the action of 
the cardiac nerves has been discussed. 


Certain points in relation to artificially excited contraction. 
_ A contraction can be excited in the ventricle by direct stimulation 
at any point in the cardiac cycle. 

The size of a ventricular beat depends—within certain limits—upon 
the pause that intervenes after a preceding beat. A beat—whether 
spontaneous or artificially induced—occurring very closely after a 
preceding one is of small size. And as the diastolic pause is increased 
the strength of the beat increases up to a certain maximum; further 
prolongation of the pause makes no difference in the size of the beat. 
During the normal action of the heart, the ventricle appears to contract 
at such a rate that the diastolic intervals are too short to allow of the 
maximum beat being attained; hence slowing of the cardiac rhythm is 
usually accompanied by an increase in the force of the individual ventri- 
cular beats. 

In the intact heart a contraction artificially induced extends from the 
stimulated point over the whole heart. And a compensating pause is 
then observed before the occurrence of the next spontaneous beat; there 
is a prolongation of the ordinary diastolic interval, In the intact heart 
such a delay in the occurrence of the following ventricular beat depends 
on the conduct of the sinus, for this leads the cardiacrhythm. A similar 
compensating pause is to be seen in the frog’s heart in similar circum- 
stances; it has there been ascribed to the influence of the nervous 
mechanism. In the eel’s heart at least its occurrence is not confined to 
the intact heart or to the normally-dominant sinus, but can be observed 
in any piece of cardiac tissue which is pulsating spontaneously in a 
rhythmical manner. An automatically-contracting ventricle shows the 
compensating pause after a — artificial beat quite as well as an 
intact heart does. 

When a prolonged diastolic interval has waieshts the following beat 
is frequently of —" increased size. 
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In a heart that is well filled with blood direct stimulation of the 
ventricle inducing a contraction is followed, towards the end of the 
ventricular contraction, by the occurrence of a peculiar dark bulging at 
the stimulated spot. The area of stimulation evidently becomes dilated 
with blood before the contraction of the remainder of the ventricle has 


interference insufficient to act as a direct stimulus; the dark bulging 
‘may be seen at the area in question when the ventricular beat occurs in 
- normal sequence just as it is seen when an artificial beat originating at 
the stimulated spot is induced. The phenomenon is seen both in the | 
normal and the inhibited states of the heart; it is not seen in the 
bloodless ventricle. Its rationale seems to be that when a direct 
stiniulus or even pressure insufficient to act as a direct stimulus has been 
applied to the ventricular tissue, the contraction of the muscle in that 
area is much impaired, so that it is unable to resist the high intra- 
ventricular pressure which occurs during systole. Hence the area in 
question becomes dilated with blood forced into it by the strong 
contraction of the rest of the ventricular chamber; and thus is presented 
the appearance of a dark bulging on the surface. 

A somewhat similar phenomenon has been described in the frog — 
heart (as a result of strong direct stimulation) by Schiff, Rossbach 
and others; it has been attributed to a local paralysis of the ventricular 

In the intact heart (with the circulation going on) the form of 
ventricular curve obtained from an artificially-induced beat (resulting 
from direct excitation of the apex) differs considerably from the form of 
curve traced by a ventricle which contracts normally in sequence to the 
other parts of the heart. The naked eye characters of the two beats 
also are different. 


The effects of minimal and mawimal excitation. 


Bowditch’ showed many years ago that in the quiescent ventricle 
apex of the frog’s heart a stimulus just sufficient to cause contraction at 
all causes contraction of full strength—a contraction as great as can be 
obtained by the most powerful stimulation. The strength of contraction 
does not vary with the strength of the excitation applied; minimal 
stimulation is at the same time maximal. Bowditch’s statements have 


1 “ Ueber Reizbarkeit d. Muskelfasern des Herzens.” Ludwig’s Arbeiten, 1871. 
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been abundantly confirmed by Kronecker and Stirling’, v. Basch’ 
and other observers upon the hearts of various animals. And this law 
with regard to the frog’s ventricle is also well illustrated by the behaviour 
of the eel’s ventricle. For when a quiescent ventricle is experimented 
upon, it is found that weak induction shocks just sufficient to elicit a 


_ beatcause as streng a beat as the most powerful shocks do; shocks — 
obtained when thesecondary coil is at 10 em. yield of the 


same magnitude as those induced by shocks with the secondary coil at 
0cm. And the same result can be observed (1) with the ventricle apex, 
(2) with the entire isolated ventricle, and (3) with the entire ventricle 
which is in undisturbed connection with the rest of the heart; in the 
last. case the ventricle has to be rendered quiescent—by arresting the 
propagation to it of the rhythmic impulses generated in the other ens 
of the heart—before the experiment can be performed. 


of a periodic series of stimulations. 


Bowditch* also showed upon the quiescent isolated ventricle-apex 
of the frog’s heart the results of a periodic series of electrical stimu- 
lations. When the isolated ventricle apex is made to contract regularly 
by induction shocks applied at definite intervals, the first beat obtained 
in the series is usually not of full strength; there is a progressive 
augmentation of force at successive beats until a maximum is reached ; 
the force of the beats then remains constant. This phenomenon has 


been termed a “staircase of beats (aufsteigende Treppe)”; it has been 


described by Roy‘ and others in the case of the entire ventricle of the 
frog’s heart; and it has been observed in the cardiac tissues of many 
animals both when the quiescent tissue is made to contract rhythmically 
by an appropriate series of stimulations and also when a quiescent 
heart spontaneously resumes action after a pause of greater or less 
duration, It has been described as a fundamental property of the 
cardiac muscle exhibited in certain circumstances, viz. when a period of 
quiescence has occurred and rhythmical action has then recommenced. 
Various explanations have been advanced to account for this’ pheno- 
menon, Most of these hypotheses have reference to changes i in the 


1 Das charak. Merkmal der Herzmuskel Beweg. Ludwig's Festgabe, 1874. 

2 Sitzber. d, k. Akad. d, Wiss, (Wien), Bd. LXxix., 111. Abth. 

3 Loe. cit. 

4 “On the influences which modify the work of the heart.” hte Journal, Vol. 1, 
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nutritive conditions which obtain during quiescence and during rhythmic 
activity. ‘The weakness of the commencing beats has been ascribed by 
Roy to “a diminished mobility of the muscle plasma—a molecular 
change which offers a resistance not only to expansion but also to 
contraction.” The progressive angmentation of force at each successive 
contraction has been attributed to the “ beneficial effect of contraction.” 
And there has been a somewhat wide acceptance of Kronecker’s 
view that the ascending series of beats has its cause in the imperfect 
nutrition which occurs during the standstill of the heart—a state of 
imperfect nutrition to which the rhythmically-contracting heart is not 
subject, since the layer of fluid in contact with the ventricular tissue is 
renewed at each recurring beat. It is obvious, however, that this 
explanation can hardly apply to the occurrence of a staircase of beats in 
the excised bloodless frog ventricle while no artificial circulation is used 
—circumstances in which the staircase can readily be observed. 

The results obtained with the eel’s ventricle raise considerable 
difficulties with regard to the hypotheses advanced respecting the 
phenomenon in question. | 

The isolated quiescent ventricle, when stimulated at intervals by a 
regular periodic series of induction shocks, hardly ever shows any trace 
of a staircase of beats, There is no progressive augmentation in the 
force of the contractions up to a certain maximum; the maximum is 
attained at once. And the beats elicited at regular intervals by a long 
consecutive series of shocks are of exactly the same size, provided the 
interval between the individual shocks is sufficiently long to allow the 
full recovery of the muscular tissue after each preceding contraction. 
If the shocks follow one another too rapidly, the curves obtained assume 
the character of a descending series—the results of fatigue being plainly 
evidenced. And when the ventricle is thus reduced to a more or less 
complete state of fatigue, a lengthening of the interval between the 
shocks is naturally accompanied by a progressive increase in the force 
of the beats, as more time is now allowed for the. recovery of the tissue 
from the effects of the foregoing contraction. But whenever the 
restoration from the fatigued state is complete, the beats remain of 
fixed strength showing no alteration whatever as long as the conditions 
under which the experiment is conducted remain constant. The 
progressive rise in the contraction force during recovery from fatigue is 
of course not a true example of the beneficial effect of contraction. 

I have upon one occasion only obtained any distinct evidence of the 
occurrence of a staircase of beats when the quiescent ventricle is set 
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into rhythmical action by a rhythmical series of excitations; and on that 
particular occasion the ventricle had sustained considerable mechanical 
injury and the experiment was performed almost immediately after 
isolation. It was found that heating the ventricle frequently leads to 
the appearance of a regular staircase. (Fig. 2, Plate VL) 

The ventricles examined by Bowditch and others had been excised 
and tied on a cannula. The mechanical injury does not however in all 


cases account for the production of the phenomenon; but the shock of such 


injury may be a factor of some importance in bringing about the results 
obtained. Whatever may be the precise cause of the condition under 
consideration, it-can at least be shown that, in the case of the eel, mere 
quiescence of an intact heart is not the efficient cause. For the 
ventricle can be rendered quiescent for long periods (e.g. 15 minutes) 
without the slightest indication of any progressive augmentation of 
force when the action recommences. On the other hand the recom- 
mencing beats are usually of very large size—on account of the long 
pause which has afforded abundant time for the development of the 
full contractile activity of the tissue, Such a quiescence may te > 
studied by arresting the heart’s action by means of vagus stimulation— 
a proceeding which causes standstill of the ventricle simply by 
inhibiting the action of the other parts of the heart from which the 
ventricle derives the rhythmical impulses that keep up its ordinary 
rhythm. When the ventricle resumes action after a pause of this sort, 
the beats are always of very large size; there is never a progressive 
augmentation, never a staircase. (The increase in the strength of the 
ventricular beats frequently occurring after vagal stimulation in the 
frog’s heart is due to an entirely different cause—to the direct influence 
of the vagus on the ventricle; it is not a true staircase of beats 
resulting from simple quiescence.) 

Further, in the eel’s heart, the ventricle can be rendered quiescent 
in another way, without any direct influence being exerted on its 
tissue. It has already been stated that the ordinary ventricular rhythm 
depends on impulses propagated from the other parts of the heart ; that 
contraction of the auricle and sinus is transmitted to the ventricle ; 
and moreover that the auricular contraction may fail to be propagated — 
to the ventricle, especially if the auricular contraction be very weak. 
Now the auricular contractions may readily be rendered extremely 


_ feeble by greatly increasing the rapidity of their occurrence ; this may 


be done by a rapid series of stimulations or by the application of heat— 
by raising the temperature of the parts in question. The contractions 
16—2 
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when reduced to a state of great weakness fail to be transmitted to the 

ventricle and the latter part therefore stands still, being deprived of 
those impulses which are the efficient cause of its ordinary rhythm ; after 
being kept quiescent for a longer or shorter period the ventricle can 
then be artificially induced by the application of stimulants to resume 
its rhythmic mode of action; or it may be allowed to recommence action in 


_response to the auricular contractions, when these have become strong 
enough to be propagated to the ventricle. Or, if the ventricle is kept 


quiescent for a long time, its inherent automatic rhythmical power may 
become evident and it may go on beating with a slow spontaneous 
thythm. Now it never shows a staircase of beats, never a progressive 
augmentation in the force of its contractions when after longer or 
shorter periods of quiescence it recommences action (1) in obedience to 
a regular series of induction shocks or mechanical stimulations, (2) in 
response to the rhythmic contractions of the other parts of the heart, or (3) 
in virtue of its own spontaneous rhythmic power. And whether it is filled 
with normal blood or whether it is empty, the result is the same; the 
recommencing beats are of full strength; usually indeed larger than 


those that follow, and larger than those that occurred prior to the 


period of quiescence. 

A few experiments upon the tortoise ventricle appeared to give 
results similar to those seen in the eel’s ventricle with regard to the 
occurrence of a “staircase of beats.” 


Some effects of faradisation. 


Faradisation of the ventricular muscle has yielded some peculiar 
results. And these results hold good equally well when (1) the ventricle 
experimented on forms part of an intact heart with the normal circula- 
tion going on, (2) when it is isolated and quiescent, and (3) when it is 
isolated and contracting rhythmically in virtue ng its inherent automatic 
power. 

It will be remembered that in the case of the frog’s ventricle, the 
application of a strong faradic current induces a rapid rolling action of 
the ventricular muscle—an action which traces a curve in which the 


beats are very small and very closely apposed—a rapid succession of 


feeble contractions approaching though never actually amounting to a 
perfect tetanus. A precisely similar result is obtained in the eel’s 
ventricle. When the stimulating current is discontinued, the rapid 
rolling action usually stops abruptly, though it sometimes continues 
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_ for a considerable time in the absence of any stimulation whatever. In 
either case the ventricle comes sooner or later to a state of quiescence 
(provided a quiescent ventricle be dealt with), in which state it remains 
until again caused to contract by the application of a stimulus. 

The most striking fact with regard to the eel’s ventricle is the 
remarkable influence exerted by the rate of interruption of the 
faradic current. 

In ordinary voluntary muscle the rate of interruption of a faradic 
current is known to be a very important factor in bringing about the 
results obtained. When the current is slowly interrupted a succession: 
of contractions occurs in the muscle at the same rate as the interrup- 
tions in the faradic current. And when the rate of interruption is 
gradually raised, the number of responsive contractions occurring in 
the muscle rises part passu until at length a complete tetanus 
supervenes. In short the rate of contraction in the stimulated muscle 
varies directly with the rate at which the stimulations are applied 
to it. But in the eel’s ventricle the phenomena are found to be 
of a strikingly different and in fact opposite character. For a rapid 
rate of stimulation tends to produce less numerous contractions than 
does a slow rate of stimulation. A rapidly interrupted current such as 
is obtained from the secondary coil of an ordinary du Bois Reymond 
induction machine produces etfects upon the ventricle which are of a com- 
paratively trivial character compared to those obtained by the application 
of a current of precisely the same strength but slowly interrupted, 

A large number of experiments has given a uniform result on this 
point; these experiments were conducted with a wide range of variation 
in the rate of interruption and the strength of the currents employed. 
A convenient strength for comparative purposes is such as gives a slight 
but distinct effect with a rapid rate of interruption. The absolute 
strength varies of course according to the susceptibility of the ventricle — 
- and a number of other conditions; the du Bois induction machine 
(Helmholtz modification) with one Daniell cell in the primary circuit 
and with the secondary coil at 8 cm, gives a current that is commonly 
of a suitable intensity. 

To take then the effects manifested in the case of the uninjured 
ventricle which forms part of an intact and normally contracting heart. 
By a current of the strength just mentioned and interrupted at the rate 
ordinarily, given by the vibrating (Neef’s) hammer, the ventricle action is 
accelerated so that the curves registered on the recording drum succeed 
each other with considerably greater rapidity than do the curves of the 
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normally-acting ventricle ; these curves are, in proportion to the degree 
of acceleration, diminished in size. (The beats are of course much fewer 
than the stimulations applied.) The influence of the faradic current, 
however, lessens after a time; the contractions follow each other more 


slowly; and they are then, as might be expected, of increased force 


and approach the normal strength of an undisturbed ventricle. When 
the effects of the stimulating current have at length almost entirely 
passed away (the current being still continued), and the ventricle is 
now acting at a rate only slightly if at all faster than its normal rate, 
the frequency of interruption in the faradic current may be changed 
with very striking results. For if the rapid vibration of the auto- 
matic hammer of the du Bois machine be stopped, and the hammer 
moved by hand so as to produce interruptions at the rate of two or 
three per second, an immediate and striking change is manifested in the 
character of the ventricular action. The beats follow each other very 
closely, with very much greater rapidity than resulted from the rapidly 
interrupted current even when its effects were best marked; at the 
same time the individual beats are much diminished in size, as might be 
expected from the greater rapidity of their occurrence. In short, a very 
much closer approach to a state of tetanus is induced by a current 
interrupted at the rate of three or four times per second than by a 
current (of the same strength) interrupted at the rate of fifty or sixty 
times per second. And the same result holds good not only with 
regard to these particular rates of interruption but with regard to slow 
and quick rates of interruption generally, within certain limits at least. 
The effects of various rates of interruption can readily be observed 
by using a vibrating reed as an interrupter in the primary circuit instead 
of the hammer of the du Bois machine. (See Fig. 3, Plate VI.) 

It is not simply the change in the rate of interruption that gives 
the result described. For when a slowly interrupted current is first used 
and then changed into a rapidly interrupted current, the rate of 
contraction immediately falls in a very striking manner. 

Interrupted galvanic currents give results quite similar to faradic 
currents. 

It has been shown by Marey and others that the heart is inexcitable 
during its refractory period and that (minimal) shocks sent in during 
this period are ineffective. In this way can be explained the fact that 
when rapid stimulations are applied, many of them are lost, and no 
quicker series of contractions may be induced by such rapid stimulation 
than by a much slower series of excitations applied at certain points, 
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e.g. just when the refractory period has ended. Such might explain 
the production by slowly-recurring stimuli of a series of contractions as 
rapid as those induced by rapidly-recurring stimuli. But such an 
explanation clearly fails to account for the fact that slowly-recurring 
stimuli can produce a series of contractions not only as rapid but 
very much more rapid than the series resulting from rapidly-recurring 
stimuli, And it is not necessary to provide that the slowly-recurring 
stimuli should be applied at any particular phase of the heart’s action; 
they are simply sent in without regard to the state of the organ at the 
time, 

The same phenomena can be observed not only in the eel’s ventricle, 
but in all the portions of the cardiac tissue; the auricle and sinus 
appear to possess the same great susceptibility to the stimulating effects 
of slowly interrupted currents as compared with rapidly interrupted 
currents, and to the temporary application of rapidly interrupted 
currents as compared with the continued application of the same 
currents, (It is only in certain conditions, as will be afterwards 
explained, that the influence of the rate of interruption can be studied 
in these parts, since in the purely normal state the application of inter- 
rupted currents to these tissues leads to a on of their contractile 
properties.) 

I have on some occasions observed a similar difference in the effects of 
slowly and rapidly interrupted currents upon the ventricle of the frog, 
though never in such a striking degree as in the ventricle of the eel. 
And a few experiments on the snake’s ventricle seemed to show that 
the same rule held good in that tissue also. 

In agreement with the phenomena described with seened to 
different rates of interruption, may be mentioned an equally striking 
effect which can be readily demonstrated by means of a simple 
experiment. A rapidly interrupted current is applied to a quiescent 
ventricle for some time and its effects are observed. If the current is a 
very weak one it may produce no obvious results at all; if it is a 
current of moderate strength it usually induces a series of rhythmic 
beats, the rapidity of these beats depending largely upon the absolute 
strength of current used. Let such a strength be employed as gives a 
few rhythmic beats per minute. When this faradic current has been 
acting uninterruptedly on the ventricle for some little time, shut it off by 
means of a key in the secondary circuit and try the effect of temporary 
application of the faradic current (say for every alternate second) in- 
stead of the continued application of the same current. The result is 
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usually of a most marked nature. The temporary application of a 
rapidly interrupted current induces a much more rapid series of ven- 
tricular beats than does the continued application of the same 
current, And when the continued application of a very weak 
current is unable in the case of a quiescent ventricle to induce anything 
but an initial contraction, the temporary application of the same 
current is often effective in leading to the occurrence of a tolerably 
rapid series of contractions. This is shown in Fig. 4, Plate VI. 

With reference to the foregoing results I mayrecall the fact of the great 
sluggishness of non-striped muscle in relation to induction shocks. Fick’ 
showed that the adductor muscles of Anodon are excited only by very 
strong single induction shocks, and that in order to obtain an obvious 
effect by rapid interruption it is necessary to employ stronger currents 
than for less rapid shocks. The cessation of a rapidly interrupted 
current gives an opening contraction which considerably strengthens the 
contraction present during the passage of the (interrupted) current. 

Engelmann’ has described an analogous condition in the ureter. 
He finds that currents must be of comparatively long duration (nearly 
} second) in order to cause contraction. When a very weak current is 
used a duration of from thirty to sixty seconds is frequently requisite. 
And “the cessation of a series of periodically recurring short stimuli 
acts like the opening of a constant current, just as the cloanig of rapid 
successive shocks acts like the closing of a constant current.” 

It would appear then that in these respects the cardiac muscle of 
the eel (and of other animals to some extent) exhibits a considerable 
resemblance to certain non-striped muscles. 


Influence of a weak interrupted current on the Eel’s ventricle. 


Gaskell has shown that the passage of a weak interrupted current 
through the auricle of the tortoise can produce a very marked depression 
in the contraction force of that part. And a powerful depressing 
influence is manifested in the same way upon the eel’s auricle. But in 
the eel’s ventricle no such result is obtained. There is no depression 
of contraction force to be observed. And in fact no marked results of 
any kind are apparent from Pcs passage of the weak interrupted 
current. 

The passage of a constant current seems at times to increase the 


1 Beitr. z. vergl. Phys. d. irrit. Substz. 1863, p, 23. 
2 Pfliger’s Archiv, 1870. Band m1., p. 273, 
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_ rhythmic tendencies of the ventricular tissue. In the intact heart, the 
apex of the ventricle may indeed be made in this way to lead the 
cardiac rhythm, each of the contractions originating at the apex of the 
ventricle and thence spreading over the remainder of the heart. This 
phase usually terminates immediately or very soon after the passage of 
the constant current is discontinued. No depression of contraction force 
(such as Foster and Dew-Smith found in the frog’s ventricle). is to be 
observed ; any diminution of force which may occasionally be seen in 
the individual beats is accounted for by their increased rapidity. 


PART IV. 
On the action of the cardiac nerves. 


Some general points regarding vagus action. 


All the nerve influences affecting the heart appear to be transmitted 
along the vagus trunks, After section of both vagi below the ganglion, 
stimulation of the medulla and spinal cord has not afforded any 
evidence of a direct influence on the cardiac action. Slight alterations 
which may be observed at times are apparently due to circulatory 
changes resulting from the cord stimulation. 

Stimulation of an intact vagus nerve or of the canibhinal end of a 
cut vagus exerts upon the heart an inhibitory influence of a very 
profound nature. And such an influence is manifested with very great 
constancy; there is exhibited a marked difference in this respect from 
the comparatively variable inhibitory results obtained from the vagi of 
some animals. The eel’s heart may usually be inhibited for long 
periods (15 minutes, &c.) with the greatest ease. 

Any accelerating after-effects which may occur as a result of vagus 
stimulation are slight in degree and variable in occurrence. This 
phase is markedly different from the corresponding one in the frog where 
the accelerating and augmenting after-effects are very distinct. 

Stimulation of either the right or the left vagus is effective. And 
when prolonged excitation of one nerve fails to keep up the cardiac 
inhibition any longer, stimulation of the other vagus usually causes a 
further arrest of the heart’s action. Gamgee and Priestley’ have 
demonstrated a similar condition in the frog. 


1 This Journal, Vol. 1. 
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The latent period of vagus stimulation appears to be short. And 
the minimal stimulation required is very low; a very much weaker 
interrupted current than is required in the case of the frog. When 
one Daniell cell is employed in the primary circuit of a du Bois 
Reymond’s induction machine (Helmholtz’ modification) a current 
obtained with the secondary coil at 12 cm. usually suffices. Indeed, 
cardiac inhibition of a marked nature can often be caused by the 
application to the peripheral end of a cut vagus of a current which does 
not lead to contraction of the oesophagus—to which the vagus is motor 
nerve, This is in marked contrast to the conditions of vagal inhibition 
in most animals where comparatively strong currents are required— 
very much stronger currents than suffice to excite the motor nerves. 

Single induction shocks applied to the vagus nerve do not cause 
distinct inhibition, except when they are very powerful. 

When arrested by vagus stimulation the heart stands still in diastole 
and, when the circulation is intact, the whole organ but more especially 
the auricle and sinus become greatly distended with blood. The great 
veins also become gorged ; they are very capacious, and the presence of 
considerable dilatations (jugular sinuses) in the course of the jugular 
veins allows them to accommodate a large amount of blood. 


Effects of cardiac inhibition on the general circulation. 


The effects of cardiac inhibition upon the general circulation may 
be very readily studied in the eel. The transparent part of the tail is 
placed under a microscope and then inhibition is induced by stimulating 
the vagus nerve or simply by pressing upon the gill—a_ proceeding 
which immediately leads to reflex cardiac standstill, provided the 
medulla and the vagi are intact. When the heart’s action is arrested 
there ensues a very gradual slowing of the blood-current which at 
length comes to a state of complete stagnation. This result however is 
not obtained for a very considerable period—usually from one to two 
minutes—after the occtifrence of cardiac standstill. It is obvious then 
that cardiac inhibition lasting only for short periods will have quite a 
trivial effect upon the blood-flow in the peripheral vessels. When the 
phase of inhibition has passed away and the heart’s beat is resumed, the 
blood-current is very quickly renewed. At the very first beat there is 
a distinct movement of blood in the capillaries of the tail; and a very 
few beats are sufficient to restore the circulation to that state of 
activity which was seen before the occurrence of cardiac standstill. 
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The circulation is restored very much more rapidly than it was 
arrested. 

High intra-ventricular systolic pressure and distension of the heart 
with blood (such as occurs when the branchial artery is clamped) do 
not obviate the occurrence of cardiac arrest as a result of vagus 
stimulation. 

High venous pressure—affecting the sinus and auricle—seems to 
diminish to some extent the effects of vagus stimulation. And a 
similar high pressure when salt solution is used instead of circulating 
fluid’, appears to retard the occurrence of inhibition in a much more 
marked fashion. Donaldson’ and Stevens have shown that in the 
hearts of the frog and terrapin high intra-ventricular systolic pressure 
has no effect upon inhibition, but that high venous pressure diminishes 
in a very striking manner the inhibitory power of vagus excitation. 


On the manner in which the heart recommences action after inkabitton. 


The eel’s heart presents some remarkable features in its mode of 
- recommencing action after a period of vagal inhibition. 

It is well known that in the frog, toad, tortoise, rabbit, dog, &c. 
when the heart goes on after a period of inhibitory standstill the 
recommencing beats exhibit the same succession of events that ordinary 
beats do; the various parts of the heart contract in the order in which 
they normally beat. In the frog heart, for instance, when a period of 
vagal inhibition has terminated, and the action of the organ recom- 
mences, the contraction is plainly seen to originate in the sinus and 
thence to spread over the auricles and ventricle successively in the 
normal fashion. 

In the eel this mode of recommencing action may sometimes be 
observed after slight inhibition; the recommencing beats originate in 
the ostial parts of the sinus and then pass over the remainder of the 
heart in the order of succession which the heart normally presents. 
But after strong inhibition the renewal of action in the eel’s heart 
shows features of an entirely different and very peculiar character. 
The apparent origin of the contraction is different; the order of 
contraction is changed; and moreover the contraction is frequently 
restricted for the first few beats to certain parts of the organ. After 
a short though variable period the whole heart participates in the 


1 Dr Ringer's. 2 This Journal, Vol. rv. p. 165. 


od 
BS, 
‘ . 
oF 
4 
‘ 
re. 
a 
A 
at 
x 


contraction; it is generally later still before the normal order of 
sequence is restored. 

The part in which spontaneous contraction usually reappears after a 
prolonged inhibitory standstill is not the ostial part of the sinus (where 
the normal beat of the heart originates), but the interjugular part which 
normally contracts in succession to the ostial part. The recommencing 
contraction originating in the interjugular part is often confined for one 
or several beats to that part; it sometimes extends however at the first 
beat to the ventricle ; meanwhile the auricle and the ostial part of the 
sinus remain perfectly motionless. The action of the interjugular part 
and the ventricle may go on for several beats without any movement 
being perceptible in the rest of the heart. Soon however the con- 
traction originating in the interjugular part spreads over the ostial 
part; and later it spreads over the auricle as well as the ventricle. 
The whole heart is now in action, but the beat is initiated by the 
interjugular part instead of the normally dominant ostial part. ‘Then 
there sometimes occurs for a time an alternation of lead between the 


-ostial and interjugular parts, but sooner or later the ostial part regains 


the precedence; the mode of contraction of the heart then becomes — 
identical with that seen in the normal organ prior to the inhibitory 
standstill. 

‘These peculiar phenomena seem to depend on a number of con- 
ditions, Firstly, on the existence of the anatomical and physiological 
connection between the sinus and ventricle already described. This 
connection renders possible the rhythmic action of the ventricle in 
response to the recommencing beats in the sinus without any interven- 
tion of the proper auricular tissue. Secondly, on the unequal degree in 
which the different parts of the heart are affected by vagus stimulation. 
The ventricle is not directly affected in any way by vagal inhibition; 
it remains quite excitable and quite ready to contract in response to any 
impulse which may be propagated to it, though usually unable for a long 
time to exhibit a spontaneous rhythm of its own.’ The interjugular part 
and the path between it and the ventricle (independent of the auricular 
tissue proper) are less profoundly affected by the inhibitory influence than 
are the auricle and the ostial part of the sinus; the former parts recover 
more readily than do the latter. And, thirdly, on the fact that the inter- 


_ jugular part is endowed with high rhythmic power. This high rhythmic 


power early released from vagal control, becomes manifested by the 
occurrence of spontaneous contractions ; and these contractions are soon 
propagated to the excitable ventricle, the intervening path being 
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open, while the ostial part of the sinus and the auricle have not yet 
recovered from the inhibited state. Hence. the occurrence of the 
peculiar form of recommencing action commonly observed. After a 
time the ostial part having fully recovered from its depressed state 
resumes the lead of the cardiac beat in virtue of its higher inherent 
rhythmic power. 

The unequal influence which vagal stimulation exerts on the various 
parts of the heart can frequently be observed when the inhibitory in- 
fluence is not sufficient to induce a complete standstill. In such circum- 
stances the ostial part of the sinus and the auricle are frequently observed — 
to be much more depressed than the rest of the heart. The order of 
contraction too is often changed, and kept changed, for long periods by 
slight continued vagalinfluence. The cardiac beat can frequently be ob- 
served to be initiated by the interjugular part instead of the ostial parts, 
and this condition may remain constant for long periods of time. The 
application of poisons which abolish the inhibitory influence (e.g. curara) 
causes a return to the normal order—to the precedence of the ostial 
part. | 

When the continued slight vagal influence mentioned is due to 
impulses proceeding from an intact medulla, destruction of this part or 
section of both vagi usually leads to a restoration of the normal order of 

In various other fishes (e.g. carp),I have observed a somewhat similar 
mode of recommencement. The sinus and ventricle usually recommence 
action before any contraction is perceptible in the auricle. 


State of the various parts of the heart during inhibition. 

During the cardiac standstill resulting from vagus excitation the 
state of the various portions of the heart as tested by the direct applica- — 
tion of stimuli, is strikingly different from the condition that obtains in 
the hearts of those animals in which inhibition has been chiefly studied. 

In the frog’s heart for example it is well known that during inhibition 
the application of a direct stimulus can readily lead to a cardiac beat. 
Thus when the ventricle is touched or excited by an induction shock, 
contraction occurs, originating at the stimulated spot and being thence 
propagated over the whole of the cardiacsubstance. And the application 
of a direct stimulus to the auricle or sinus leads in like manner to a con- 
traction of the whole organ. The mechanism for the execution of a beat 
appears to be intact though there is no spontaneous rhythm. 
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In the eel’s heart the state of matters is very different and at the 
same time more complex. For all the parts of the heart do not behave 
similarly with regard to the results of direct stimulation. The ventricle 
_ resembles the frog’s heart in giving a single contraction in response to a 
single excitation ; its irritability and contraction force appear to be quite 
unaffected. The interjugular part of the sinus, except during very 
powerful inhibition, remains excitable to direct stimulation, and con- 
traction excited in the interjugular part is usually propagated to the 
ventricle, while the auricle remains perfectly motionless; contraction 

excited in the ventricle is similarly propagated to the interjugular part. 

‘The ostial part-of the sinus is, during strong inhibition, quite inex- 
citable to direct excitation, and the auricle is in a similar condition. 
The strongest mechanical, chemical, thermal, and electrical stimuli 
_ applied directly to the auricular tissue entirely fail to induce a beat. 
The excitability of the muscular tissue has evidently been temporarily 
abolished by the vagal influence—a very peculiar result of nerve stimu- 
lation. After a time, when the inhibitory influence is passing off a 
powerful stimulus directly applied to the auricle causes a localised con- 
traction around the stimulated point ; and as the muscular tissue further 
recovers from the inhibited condition the area of contraction (in response 
to a certain stimulus) becomes wider and wider; very soon the whole 
auricle participates in the artificially induced beat. 

It is obvious then that the vagus has a direct and profound influence 
on the muscular tissue, an effect that is entirely incompatible with the 
old conception of vagal action, viz. that the vagus inhibited the discharges 
of energy from the cardiac motor ganglia and so brought the muscular 
tissue into a state of quiescence. If such were the case—if the muscle 
remained quiescent simply because no motor impulses were transmitted 
to it, the application of a direct stimulus to the muscular tissue ought 
readily to induce contraction in the same way as direct stimulation 
causes contraction of a voluntary muscle paralysed by section of ‘its 
motor nerve. But the auricular muscle entirely fails to respond to 
direct excitation; its condition has evidently been directly and profoundly 
altered. It is obvious that whatever influence may be at the same time 
exerted on cardiac nerve-cells, a muscular inhibition of the most pro- 
nounced character is undoubtedly present. | 

It has been mentioned that during the inhibited state, direct excita- 
tion of the ventricle readily leads to the occurrence of a beat which may 
be propagated to the sinus but does not affect the auricle. The assump- 
tion of a block between the ventricle and auricle is not necessary in 
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order to explain this non-participation of the auricle in the contraction. 
And indeed the assumption of such a block would not explain the con- 
dition. For if the non-participation of the auricle were simply due to 
failure in the propagation of the ventricular beat, the auricular muscle 
ought to respond readily to direct stimulation. But it has been seen 
that the auricle signally fails to respond; indeed, that it is in such a 
condition as to be unable to respond to any impulses that might reach it. 

I shall now proceed to make a brief statement of the effects of vagus 
stimulation on the properties of the cardiac muscle in the various parts 
of the heart. 


Methods employed in registering the cardiac contraction. 


A simple arrangement of the graphic method was used to register 
the action of the auricle and ventricle. The exact modes adopted were 
various. In some instances, two writing levers suspended by elastic 
bands were used, and these were connected by threads with the auricle 
and ventricle respectively. The fibrous bands attached to these parts 
were taken advantage of so as to render unnecessary a direct fastening 
of the threads to the muscular tissue. In order to prevent locomotion 
of the heart it was often necessary to afford a fixed point by fixing in a 
clamp the bands passing into the dorsal aspect of the auricle. 

In other cases the beats of both auricle and ventricle were recorded 
by means of a single lever. This was effected (1) by fixing the threads 
from auricle and ventricle to the same lever, or (2) by attaching a thread 
from the lever to the auricle alone and then firmly fixing the apex of 
the ventricle. By either of these methods the auricular and ventricular 
beats are recorded on a single tracing. 

The effects of vagal stimulation were frequently investigated (1) 
with the heart in situ and with the normal circulation going on, (2) with 
the heart in situ but no circulation going on, (3) with the heart in situ . 
with an artificial circulation, and (4) with the excised and bloodless 

heart. 


Effects of vagus stimulation on the ventricular muscle. 


A large number of experiments have demonstrated that the veutri- 
cle is not directly influenced by stimulation of the vagus nerve. 
All the changes observed in the ventricular action as results of vagus 
stimulation are brought about indirectly. 

It has already been mentioned that the independent rhythmic power 
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of the ventricle is very low and that the ordinary rate of contraction seen 
in this part in the intact heart, is due not to the spontaneous rhythm of 
the ventricle itself but in consequence of the propagation of a rapid 
series of rhythmic contractions from the sinus and auricle. The ventri- 
cular beats are normally started off by the beats of the other parts of the 
heart ; the inherent ventricular power of spontaneous rhythm remains 
latent, being masked by the quicker rhythm which is transmitted from the 
more highly rhythmic parts of the organ. It is obvious then that an 
arrest of the sinus and auricle would immediately lead to a suspension 
of the ventricular action. The ventricle, deprived of those impulses 
which ordinarily start off its contraction, would necessarily stand still 
until such time as the starting off impulses are resumed or until the 
inherent rhythmic power of the ventricle has time to manifest itself—an 
event which would in ordinary circumstances require a very long time. 
(It would probably require many. minutes in such ventricles as do 
develop any independent rhythm; in some cases, on the other hand, no 
independent rhythm is manifested at all.) 

The ventricle participates in the general standstill of the heart 
induced by vagus stimulation. This suspension of the ventricular rhythm 
is due to the removal of the normally efficient cause of that rhythm—to 
the stoppage of the sinus and auricle beats, The ventricle stands still — 
because the other parts of the heart have been inhibited. 

The excitability of the ventricular muscle during inhibition 
seems to be unchanged. From a comparison of the results obtained by 
direct excitation of the ventricle (1) when the heart is acting normally, 
and (2) when the heart is inhibited, it is seen that the ventricular muscle 
responds to a direct stimulus as readily in oe inhibited as in the normal 
state. 

The contraction force of the ventricular muscle does not 
seem to be directly influenced by vagal inhibition. The beats that occur 
on the recommencement of the heart’s action are never diminished-in 
size—unless when the ventricle has become over-distended with blood 
during the period of cardiac standstill. The recommencing beats are 
indeed as a rule very large, the phase of quiescence having afforded full 
time for the development of the maximum contraction power ; the 
ordinary rate is too rapid to allow of the exhibition of this maximum. 
(See Fig. 5, Plate VI.) | 

For a similar reason when a heart that is beating at a fairly rapid 
rate is slowed by very gentle vagal stimulation the ventricular beats are 
increased in size proportionately to the slowing, up to a certain maximum. 
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This result is simply a consequence of the slowing; it is equally well 
seen when the heart is slowed by means other than vagal stimulation, 
e.g. the application of cold to the sinus. Such an increase in the size of 
the beats during slowing is the converse of what occurs during rapid 
action, where the size of the beat is markedly diminished in proportion 
to the increase in rate. 

For the same reason a ventricular beat elicited by direct excitation 
during the period of inhibition is of large size, usually larger indeed 
than the normal beats occurring prior to the commencement of the 
period of inhibition. And when a very slow artificial ventricular rhythm 
is excited by periodic direct stimulations the beats are of large size just 
as in a slow natural rhythm. Conversely a quick artificial rhythm during 
the period of inhibition is marked by a great diminution in the size of 
the rapidly-recurring beats, corresponding to what is seen in a rapid 
natural rhythm. And an artificial ventricular rhythm (during inhibition) 
of the same rate as the natural rhythm shows a series of beats quite 
identical in point of size with those of the natural rhythm. 

In cases where the ventricle of spontaneously contracting hearts has 
been giving alternately weak and strong beats, vagal inhibition is 
sometimes followed by a phase during which all the ventricular beats 
— are of uniform size. This at first looks like a direct effect on the ventri- 
cular contraction force, but it is found that in such cases the irregularity 
in the size of the beats prior to inhibition was due to there being alter- 
nately long and short pauses between the beats—a condition depending 
on the behaviour of the part which leads the cardiac rhythm, i.e. the sinus. 
And the equalising of the force of the ventricular contractions depends 
on the equalising of the pauses between the individual beats. 


Effects of vagus stimulation on the auricle. 


The inherent rhythmic power of the auricle is in the intact heart 
masked and rendered latent by the higher rhythm of the sinus; the rapid 
series of contractions originating in the latter part extend to the auricle, 
which is thus caused to beat at a much more rapid rate than it would 
do in virtue of its own inherent rhythmic power. 

When strong vagal inhibition is induced and the whole heart arrested, 
the auricle becomes relaxed and a marked diminution of its ordinary 
tone is evident. ‘The auricle stands still not simply for the reason that 
the ventricle does, viz. because the part which normally starts off its 
contraction has stopped, but because of a direct nerve influence on its 
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tissue. Theinherent rhythmic power is markedly dépressed ; for the 
auricle can be kept inhibited for very long periods, many times longer 
than would be required for the development of an independent auricular 
rhythm were the rhythmic power not controlled and depressed by vagal 
influence. It is evident that this rhythmic oe is held i in abeyance 
by vagus stimulation. 

Further there occurs a striking depression of the excitability of the 
auricular muscle as seen by the results of direct excitation. The ex- 
citability is temporarily abolished. And such a loss of excitability does 
not depend on mechanical causes, e.g. over-distension of the auricle with 
blood; it occurs equally well in the bloodless auricle. The inhibitory 
influence is evidently able, in the eel’s ventricle, to overpower the 
tendency to contract on the application of a direct stimulus—a condition 
never observed in the heart of the frog, tortoise, snake, dog, &c. 

The conduction power is also temporarily annulled. The localised 
artificial contractions already described as occurring in certain circum- 
stances are due to the great depression of conduction power, whereby 
the contraction excited is restricted to a limited area and is prevented — 
from passing over the whole auricle. 

There seems to be a marked difference at high temperatures (29— 
33 C.) with regard to the behaviour of the auricular tissue during vagal 
stimulation. In such circumstances the excitability of the muscle to 
direct stimulation is not annulled; a direct excitation leads to an auricu- 
lar beat. 

The contraction force of the auricular muscle is also greatly 
depressed by vagus stimulation. The contraction force can not, indeed, 
be tested during strong inhibition, since no beat can be excited. But 
whenever contractions can be elicited—as by strong direct stimulation 
when the inhibitory phase is passing away—these contractions are very 
small ones. And the beats seen when spontaneous action recommences 
are as a rule very feeble; they increase in force as the tissue recdvers 
from the inhibited state. This reduction of contraction force during 
vagus stimulation is not due to over-distension of the auricle with blood; _ 
it can be observed in both the normal and the bloodless auricle. (See 
Figs. 6 and 7, Plate VI.) 

These depressing effects of vagal stimulation are the primary ones, 
and they are by far the most constant and powerful ones, Any secondary 
accelerating or augmenting effects are slight and variable. It must be 
remembered that any acceleration in the auricular rate seen after a 
period of inhibition is not usually due to the auricle itself (the auricular 
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rhythm being a passive one), but to an acceleration of leading pee of 
the heart, i.e, the sinus. 


Effects of electrical currents upon the auricle. 


I have now to mention some results obtained by the application of 
electrical currents to the auricular tissue. 

Single excitations applied to the auricle during its period of diastole 
readily induce single contractions. And there occurs here as in the 
ventricle a bulging of the muscular wall at the stimulated part—this 
occurs towards the close of the artificially-excited contraction. The 
bulging is not so conspicuously apparent in the auricle as in the 


ventricle, since the difference in colour between the bulged part and the 


remainder of the tissue is not so obvious as it is in the ventricle. 

The passage of a weak interrupted current through the auricle leads 
to some interesting results. 

Gaskell* has found that in the tortoise the passage of a weak 
interrupted current through the auricular tissue leads (primarily) to a 
marked depression of the contraction force and conduction power of 
that tissue. At the same time the rhythm is usually unaffected; it is 
not inhibited by the passage of the current. He adduces proofs of the 
effects produced in the auricle by the passage of a weak interrupted 
current and those resulting from stimulation of the vagus nerve. He 
states however that the resemblance is not complete as far as rhythm 
is concerned, since the weak interrupted current is unable to cause 
an arrest of rhythm though it leads to a marked depression of 
contraction force. I am unable, however, to find any proof in Dr 
Gaskell’s paper that the vagus does act directly on the rhythmic 
property of the auricle. The auricle of course stands still when the 
vagus is stimulated, but an auricular standstill of considerable duration 
might occur in consequence of the sinus standstill and without any 
direct influence being exerted on the auricular rhythmic tendency. For 
as the auricle normally acts under the lead of the sinus, an arrest of 
the latter would necessarily lead to an auricular standstill (until such 
time as the latent auricular rhythmic power could be manifested), just 
in the same way as an arrest of the sinus and auricle leads to a 
ventricular standstill without any direct influence being brought to bear 
through the vagus nerve upon the ventricle. 


1 Loe. cit, 
17—2 
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In the case of the eel it is found that any part of the contracting 
auricle may be inhibited by the passage through it of a current of 
suitable strength ; meanwhile the action of the rest of the auricle goes 
on, either unaltered in any way or somewhat accelerated. The inhibited 
part is not in a state of tonic contraction ; its tissue is markedly relaxed 
and the part becomes distended with blood. And there is a great 
change in the condition of the inhibited part as tested by the application 
of direct stimuli. Its excitability is found to be either greatly depressed 
or temporarily annulled. It is with difficulty made to contract by an 
induction shock or a mechanical stimulus; at times it cannot be made 
to contract at all. The extent of the area inhibited depends upon the 
strength of the current used and the position of the electrodes. By 
gradually increasing the strength of the current a larger and larger area 
of auricular tissue is inhibited until at length the whole auricle is . 
brought to a standstill. 

When a projecting corner of the auricle is dealt with and the current 
is sent in at the points marked +, in Fig. 2, A. the whole of the projecting 


2. 


A. 


Projecting corner of auricle. Application of a weak interrupted 
current through electrodes placed at points marked +, causes an 
inhibitory standstill of the whole piece of tissue. 


part beyond the electrodes is thrown out of action. This is not simply 
due to a blocking of the contraction in the tissue immediately between the 
electrodes—to the course of the advancing contraction being barred so 
that it fails to reach the tissue beyond the electrodes. For if such were 
the cause of the inhibition of the projecting corner, this corner ought 
still to remain unchanged as regards its excitability to direct stimula- 
tion. But it has been seen that such is not the case—that on the other 
hand there is usually a marked change in the excitability of the whole 
projecting corner. | 

By altering the position of the electrodes to the points marked + in 
Fig. 3 B. a peculiar result is obtained. One strip of the projecting 
corner is usually inhibited while the contraction passes along the other 
half without interruption. The part shaded in the Figure stands still, 
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while the remaining part goes on beating. Such a result points to a 
3. 


Projecting corner of auricle. Electrodes applied at points 
marked +. The shaded part is inhibited, while contraction passes 
along the remaining part in direction ne arrow—as - 
normally. 
nerve influence as the ile a cause of this localised inhibition ; it 
indicates that the auricular tissue is inhibited through the medium 
of nerve fibres, ie. the interrupted current directly stimulates the 
inhibitory nerves passing through the tissue which is subjected to the 
influence of the current. : 

And the probability of this explanation is strengthened by the effects 
of curara upon the phenomena in question. When a dose of curara 
sufficient to paralyse the vagus nerve has been administered, it is found 
that the passage of a weak interrupted current through any part of the 
auricle is entirely unable to bring about any arrest; it, on the other 
_ hand, may have a somewhat stimulating effect. Unless it be assumed 
that a small dose of curara—just sufficient to obviate any cardio-inhibi- 
_ tory effects from stimulation of the vagus trunk—can directly affect 
and modify the properties of muscular tissue, it is plain that in the 
case of the eel’s auricle the effect of curara in abolishing local inhibition 
must be due to its action in paralysing the inhibitory nerve termina- 
tions in the tissue. _ 

An extremely weak current when passed through the auricular 
tissue may cause a marked diminution in the force as well as the 
rate of contraction, when the current is tuo weak to lead to an — 
absolute arrest of the auricular rhythm. 

A weak interrupted current can in short produce results in the 
auricular tissues that are precisely similar to those induced by vagus 
stimulation. Both cause a marked depression of all the properties of the 
muscular tissue of rhythm, of contraction force, of conduction power, of 
excitability to direct stimulation, and of tone; and these results are 
probably in both cases brought about through the instrumentality of 
the inhibitory nerve fibres distributed to the auricular muscle. 

A view has been advanced that the depressing or inhibitory effects 
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of weak interrupted currents on the cardiac tissues are due to a direct 
influence of the current on the muscular substance—an influence similar. 
to that exerted on the muscle by stimulation of the vagus nerve. 
Various considerations may be urged against this view. Among others 
the fact that, in vertebrate hearts at least, the depressing effects of weak 
interrupted currents have been shown to occur only in such parts as 
contain inhibitory nerve fibres, e.g. auricle of tortoise and eel; while in 
parts that are not directly subject to vagus influence, e.g. ventricle 
of tortoise and eel, no such depressing effects are observed. Also the 
fact that such a nerve poison as curara when administered in sufficient 
amount to paralyse the inhibitory influence of vagus stimulation, also 
obviates the occurrence, in the eel’s auricle, of the inhibitory effects of | 
weak interrupted currents. And further the peculiar localisation of the 
inhibitory phenomena as seen in a projecting corner of the eel’s auricle 
points strongly towards nerve influence as the effective cause of the 
results in question. 

The application of a strong interrupted current to the auricle — 
leads to immediate inhibition with the same characters as before. And 
very strong currents (two Groves: coil at O) produce the same effect ; 
they always cause inhibition. 

Foster showed that in the snail’s heart a weak current caused 
inhibition, but that when the current was strengthened to a certain 
degree, no inhibition was caused, but on the other hand a stimulating 
influence was manifested. No similar rule holds in the eel’s auricle; 
weak and strong currents are alike inhibitory in effect, though their 
inhibiting power varies to some extent according to their strength, a 
very weak current giving less powerful inhibitory effects than a stronger 
current, The essential condition is the same, viz. a paralysis occurring 
as a result of the application of a rapid series of stimuli,—a result in 
striking contrast to the tetanus seen in voluntary muscle and the rapid 
rhythmic contractions seen in the frog’s heart under the influence of 
similar stimuli. The condition appears to resemble in some degree 
that described by Dr Ringer in the frog’s ventricle at a certain = 4 of 
potash poisoning. 

Foster has shown that in the frog’s heart the behaviour of 
the cardiac tissue often varies in a striking manner according as 
to whether (1) the tissue is contracting in response to impulses 
propagated to it from another part or is (2) contracting indepen- 
dently in virtue of its inherent automatic power. The importance 
of the precise state of a cardiac tissue in this respect is also well 
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_ seen in the eel’s auricle. For when the auricle or part of the auricle has _ 
come to exhibit an independent rhythm of its own, its behaviour is — 
greatly changed with regard to the influence upon it of weak inter- 
rupted currents. Instead of causing an immediate arrest of rhythmic 
action—as happens in the auricle of an intact heart—a weak interrupted 
current causes, in an automatically contracting auricular tissue, no 
arrest at all; it may even exert an accelerating influence. (The 
negative result of the application of a weak current to an automatically 
contracting auricle is shown in Fig. 8, Plate VI.) It is, indeed, 
usually a matter of some difficulty to arrest the rhythm of an automatic 
auricle by even a strong current. The contraction force is markedly 
depressed, but the rhythm often goes on unaffected by even strong 
currents; and when a standstill does take place it is difficult to say 
whether a true inhibition of the rhythmic tendency has taken place or 
whether there has been merely a weakening of the contraction force to 
such a degree that there is practically a standstill. 

It is difficult to say in what precise way a powerful current acts 
when it markedly depresses the contraction force of an automatic auricle © 
whilst it produces no alteration whatever in the rhythm. Such a result 
is sometimes seen after poisoning with curara. Whether it acts through 
certain nerve structures or by a direct influence on the muscular tissue 
must at present be left an open question. 


Effects of vagus stimulation on the sinus. 


A. On the interjugular part. 


The question may be raised whether the interjugular part is directly 
affected by nerve influence, or whether it stops action simply because 
the leading parts (ostial parts) have stopped; the pause before it 
recommences action would on the second hypothesis be regarded as 
being simply the time required for the manifestation of its own 
independent rhythm. If the latter is the case—if the early recom- 
mencement of the interjugular part is due to the fact that that part is 
not directly affected by vagal influence and simply recommences action 
as soon as its inherent rhythm can be manifested—then it is obvious 
that a further stimulation of the vagus would be unable to arrest 
this independent rhythm. The question can be definitely set at rest in 
this way. If the vagus nerve be stimulated for a short time so as 
to cause marked cardiac inhibition, then, when the phase of complete 
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standstill has passed away and rhythmical contraction has recommenced 
in the interjugular part alone, a renewed and powerful vagus stimulation 
will show whether the interjugular part is now amenable to vagal 
influence or whether it is acting in an independent automatic fashion. 
_ This experiment I have found to give a constant result, viz. that 
the interjugular recommencing action can be again and again arrested 
by repeated and powerful stimulation of the vagus nerve. 

Moreover the interjugular part frequently remains quiescent during 
vagus stimulation for a period very many times longer than would be 
required for the exhibition of its own inherent rhythm. It is clear then 
that its rhythmic power is strongly depressed and held in check as a 
result of stimulation of the vagus nerve. Its release from vagal control 
occurs, however, at an earlier period than does that of the neighbourin 
ostial parts. 

The excitability of the interjugular part (as tested by direct 
excitation) can be markedly depressed by vagus influence. During 
moderate stimulation of the vagus nerve the interjugular part responds 
less readily to a direct stimulus, and during very powerful inhibition the 
interjugular part fails to contract at all on the application of a direct 
excitation. Moreover, when the recommencing action begins after a 
prolonged inhibitory standstill the contraction is seen to begin at the 
dorsal aspect of the interjugular part (i.e. that opposite to the margin 
which becomes continuous with the auricle) and the contraction may 
for a time be restricted to a small area of the tissue. In favourable 
circumstances each successive contraction may be seen to extend farther 
forwards, till very soon the whole interjugular part is traversed by the 
beat. Such phenomena indicate the occurrence during inhibition of a 
marked depression in the excitability and conduction power of 
the tissue. | | | 

Secondary accelerating effects of vagus stimulation are usually 
variable and indistinct. | 

The passage of an interrupted current through the interjugular part 
very readily leads to a standstill of the whole heart. A current so weak 
as vot to be perceived on the tongue is frequently sufficient to cause 
prolonged cardiac arrest. This result is usually obviated by the ad- 
ministration of curara. 

The passage of a constant current through the interjugular part 
frequently appears to lead to an acceleration in the rhythms. 
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B. Effects of vagus stimulation on the ostial parts of the sinus. 
The spontaneous rhythm of both right and left ostial parts is 
completely suspended by stimulation of either vagus nerve. And 


the excitability to direct stimulation is annulled for the time being. 
As a secondary effect of vagal inhibition there is often acceleration 


— in the rhythm of the ostial parts and consequently of the whole heart. 


There may also be a slight increase in the excitability of the ostial 


The application of weak or strong interrupted currents to the ostial 
parts causes an immediate standstill of the heart apparently identical 
with that induced by stimulation of the vagus nerve. And such a 
result is obviated by curara, just as the inhibitory influence of vagus 
stimulation is annulled by the same poison. This condition is in 
marked contrast to what obtains in the frog, where it is well known that 
though curara abolishes the inhibitory effect of vagus stimulation, 
the heart can still be readily arrested by faradisation of the sinus. 


PART V. 


On reflex excitation of the cardiac nerves. 


. Reflex cardiac inhibition is a phenomenon which in most animals is 
not readily induced, except by severe stimulation—at least in the case of 
the intact animal. The cardio-inhibitory effect of the application of 
ammonia to the rabbit’s nostrils and of pretty strong mechanical 
stimulation to the intestine of the frog (Klopf Versuch of Goltz) are 
among the conspicuous examples of reflex arrest of the heart’s action, 


_ But in the eel and in many other fishes the phenomenon in question can 


be induced with a facility that is very remarkable, and by stimuli of a 
very mild nature. There are quite a number of parts the stimulation of 
which very readily leads to a standstill of the heart’s action. 

(1) In the first place, the gills of the eel are parts from which 
the cardio-inhibitory effect is obtained in a very striking manner. 

Slight stimulation of either gill causes a sudden and powerful 
inhibition of the heart’s action, the whole organ standing still in 
a state of diastole and presenting all the features of vagal inhibition. 
The cardiac inhibition usually lasts for a considerable time (sometimes 
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for half a minute) after the discontinuance of the gill stimulation. A 
very slight degree of stimulation is sufficient to induce the cardiac 
arrest. Gentle friction or pressure are very effective; indeed a mere 
touch with the finger often suffices. Likewise a very week interrupted 
current; or a thermal or chemical stimulus. Even a single induction 
shock often causes a temporary inhibition. 

When water is injected at the gill slit at considerable pressure, there 
usually occurs a reflex cardiac arrest. And this result is not commonly 
seen when the water is injected by the- mouth instead of by the gill 
aperture. When injected by the mouth the water readily escapes 
by the gill slits, but when injected by the latter apertures it frequently 
is partially or wholly retained and so causes a distension of the branchial 
chamber ; in this case the mechanical pressure on the gills may be the 
cause of the cardio-inhibitory manifestation. _ 

Stimulation of the fifth branchial arch, which bears teeth but no 
gill, is also effective. 

The afferent impulses arising from gill stimulation pass along 
the branchial nerves to the vagus centre in the medulla oblongata, 
whence the inhibitory influence is transmitted down the vagus trunk 
and along the cardiac branch to the heart. 

Section of the branchial nerves obviates the reflex effects of gill 
stimulation ; and destruction of the medulla or r section of the vagi has a 
similar result. 

Stimulation of the central wed of a branchial nerve leads with great 
readiness to cardiac arrest. | 

Removal of the parts of the brain above the medulla and shi of 


the cord below the medulla do not interfere with the occurrence of this 


mode of cardiac arrest. Neither dces the administration of chloroform 
or ether, unless pushed to such an extent as to paralyse all evidences 
of the activity of the medulla, eg. the action of the respiratory 
centre. 

This mode of cardiac inhibition is, indeed, one of exceptional 
constancy in its operation. It is one, moreover, that can be readily 
observed in the intact animal. For the cardiac pulsation can be seen 
externally on the ventral surface of the animal a little behind the 
pectoral fins, and if gentle pressure be applied to the gills while the 
area of the heart’s pulsation is watched, the cessation of the cardiac 
beat becomes very obvious. This form of reflex inhibition is not 
confined to the eel but is also seen in the carp, perch, rudd, &c. 
‘Stimulation of the gill apertures and of the internal surface of the 
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branchial chamber can also induce cardiac arrest, though in a much leas 
marked degree than does stimulation of the gills. 
(2) Certain portions of the cutaneous surface show as a result of 


_ stimulation the same cardio-inhibitory effect as is seen in the case of 
gill stimulation. 


The skin of the head is one-of the parts that are sensitive in 


this respect, and very slight stimulation is all that is required; slight 


friction or slight pressure with the fingers, a weak interrupted current, 
or a thermal stimulus suffices. . In the case of slight pressure with the 
fingers, the warmth of the finger appears to play some part in the 
stimulating effect. Friction with cold objects is effective though not so 
readily as is friction with a warm body. Vigorous movements alofig 
the animal’s body are usually induced at the same time as the ¢ardi 
arrest. 

When the skin of the head has been removed, slight stimulation is 
ineffective ; slight pressure for instance applied after the removal of the 
skin has no decided effect—unless it is applied over the branchial 
chamber, when it acts through its direct effect on the gills. Strong 
stimulation, however, applied to the subcutaneous parts can lead to 
cardiac arrest even though such stimulation is excluded from acting on 
the gills. 

Ether and chloroform seem to obviate the eiaeintbldtiny as 
of slight stimulation of skin even before the medulla has been paralysed _ 
by the anaesthetic, and while arrest of the heart is still readily induced | 
by gill stimulation. 

Stimulation of the central end of the fifth nerve is also followed by 
cardiac arrest. | 

(3) The skin of the eel’s tail is another cutaneous area from which 
similar results can be obtained. The area over which stimulation is 
effective usually extends from the tip of the tail forwards about one- 
eighth of the distance to the vent. This mode of reflex inhibition may 
be demonstrated by gently compressing the tip of the animal’s tail 
between the fingers; standstill of the heart commonly results ; 
general muscular contraction is usually induced at the same time. 

Electrical and thermal stimuli readily lead to the same result. 
The stimulation is effective when applied to the skin covering the 
caudal fin as well as when applied to the skin covering the axial 
(muscular) part of the tail. 

When the skin is removed, gentle mechanical excitation usually 
ails to have any effect. With electrical and thermal stimuli it ‘is 
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difficult to obviate the possibility of a spreading of the stimulus to the 
spinal cord. 

Tn the reflex cardiac arrest obtained from the eel’s tail the spinal 
cord is the path along which the afferent impulses pass to the medulla. 
Section of the cord at once obviates the cardio-inhibitory result, and 
direct stimulation of the cord at any part of its length has a most 
powerful influence in inducing cardiac arrest. The whole motor part of 
the cord is evidently thrown into a state of excitement, as indicated by 
the vigorous contraction of the skeletal muscles. 

It is well known that in the frog stimulation of the abdominal 
sympathetic chain can lead reflexly to cardiac arrest (Bernstein’s © 
experiment). And it may be urged that when an interrupted current is 
applied to the eel’s spinal cord, there may possibly be an escape of the 
current to the sympathetic nerves lying with the aorta on the ventral 
aspect of the vertebral column. Such a possibility of error can be 
obviated by stimulating the spinal cord mechanically by means of a 
wire passed into the spinal canal. Moreover it can be shown that 
when the cord has been destroyed, stimulation of the empty spinal 
canal—at the same spot as before—now leads to no inhibitory result 
though the interrupted current is as likely as before to spread into the 
neighbouring structures. And further, it is found that stimulation of 
the abdominal sympathetic does not, in the eel, lead to cardiac 
inhibition. 

A certain order of succession can be observed in the events that 
follow the application of a stimulus to the eel’s tail; especially when 
the animal is in a depressed condition and reacts sluggishly to the 
excitation. When the stimulus is applied the first result evident is the 
occurrence of muscular contraction in the caudal region. This move- 
ment extends along the animal’s body towards the head. It apparently 
coincides with a wave of activity passing along the motor part of the 
cord from the tail towards the head; the progress of the movement is 
at once arrested by section of the cord. It is of a reflex nature excited 
through the spinal cord. When this wave of movement passes along to 
the head, inhibition of the heart occurs; when the movement fails tu 
pass forward past the middle of the body no cardiac arrest occurs. - It 
would seem as if the cardiac effect is never manifested until the wave 
of activity has passed along the spinal cord to the medulla—its arrival 
at the latter part being indicated by the contraction of the skeletal 
muscles innervated from the medulla and by the occurrence of inhibition 
of the heart. The vagus medullary centre then appears to be thrown 
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into action simultaneously with the neighbouring motor centres, e.g. the 
respiratory. (The fact that the animal is made fast upon a board 
probably causes the struggling movement in question to attain an 
intensity much greater than commonly occurs in the normal animal.) 
When the wave of activity passing along the spinal cord stops short 


- of reaching the medulla the vagus centre seems to be unaffected; no 


inhibition of the heart's action occurs, and there seems to be no 

evidence that stimulation of the tail causes cardiac inhibition, without 

the intervention of reflex movements indicating the passage of a phase 

of excitement along the spinal cord. After repeated stimulations a 

condition of comparative exhaustion sometimes appears to be induced ; 
during this period moderate stimulation may fail to lead either to reflex 

‘movements or to cardiac inhibition. 

The conditions apparent in strychnine poisoning in the eel are in 
accordance with the facts just mentioned. Strychnine induces a state 
of the cord of such a character that extremely slight afferent impulses 
lead to the occurrence of violent convulsive movements. And here 
again the vagus centre is thrown into action together with the ordinary 
motor centres; when a convulsive movement occurs, an inhibition of 
the heart’s action is observable at the same time. 

Again, spontaneous struggling movements of an eel occurring 
without any apparent cause are usually accompanied by cardiac arrest ; 
the vagus centre becomes active at the same time as the ordinary motor 
centres. This cardiac arrest does not occur if the struggling movements 
are confined to the tail part of the animal—if the phase of activity in 
the spinal cord is restricted to the part remote from the medulla. | 

Further, the vagus centre appears to be paralysed at the same 
time as the motor centres of the cord and medulla (e.g. the respiratory 
centre) as a result of the administration of a large amount of chloroform 
or ether. In these circumstances, reflex inhibition is suspended, 
though the vagus nerve remains quite excitable; direct stimulation of 
the vagal trunk readily induces cardiac standstill. 

It has been seen that the cutaneous surfaces of the head and tail 
are extremely sensitive with regard to the causation of cardiac inhibition. 
The intermediate portion of the animal’s integument is not similarly 
sensitive; reflex inhibition can indeed be induced, but only by very 
severe injury or other form of strong stimulation. A strength of 
excitation which produces very marked cardio-inhibitory effects when 
applied to the skin of the head or tail has usually no apparent effects 
when applied to the body of the animal. And a similar difference in 
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sensitiveness is evidenced with regard to the causation of ordinary 
reflex movements. It can easily be shown that slight mechanical 
interference with the head or tail of a vigorous eel leads to active 
movements of a more or less extensive character, while the same degree 
of irritation applied to the intervening portion of the animal's body 
fails to yield any apparent result. 

Reflex cardiac arrest, then, is most readily excited from those parts 
of the cutaneous surface which are most sensitive with regard to the 
development of ordinary reflexes; the vagus centre is most readily © 
excited by afferent impulses which also tend to excite the motor centres 
of the medulla and cord. 

(4) The parietal apieeccoems is a part from which reflex inhibition 
can be easily excited. 

’ In the intact eel, slowing of the heart can usually be induced by 
smartly tapping the ventral. surface of the body. This is at first 
suggestive of the condition obtaining in the frog—the Klopf Versuch of 
Goltz. When the abdominal cavity is laid open cardiac inhibition of 
a marked character usually occurs; when the abdominal parietes have 
been fixed so as to expose the cavity fully the effects of stimulation 
upon the various parts can be conveniently studied. And it is very 
apparent that the condition is strikingly different from what is seen in| 
the frog. For instead of cardiac inhibition being excited by stimulation 
of the intestine, it is found that stimulation of the parietal peritoneum 
is the efficient cause of inhibition. The application of slight friction, of 
a weak interrupted current or of a hot wire to the abdominal parietes is 
a very effective means of inducing cardiac arrest. A very weak degree 
of stimulation is sufficient; an interrupted current obtained when the 
secondary coil is at 11 or 12 cm. is commonly sufficient. The cardiac 
arrest is accompanied by contraction of the skeletal muscles, evidently 
of a reflex nature; this contraction usually occurs on both sides of the 
body though the stimelation be confined to the peritoneum on one 
side. When the parietal peritoneum is stripped off from the under- 
lying tissues, the application of a stimulation which was formerly 
effective seems now to induce no cardiac arrest, unless the stimulation 
happens to be applied to any of the spinal nerves which lie in that region. 
The application of the same stimulus to a part where the parietal 
peritoneum has been left intact, can still lead to inhibition of the heart. 

The vagus nerves in the abdomen do not appear to be the paths 
along which the afferent impulses from the parietal peritoneum are 
conducted to the medullary vagus centre. For section of both vagus 
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nerves below the origin of the cardiac branches does not prevent the 
inhibitory results of peritoneal stimulation. The afferent impulses 
seem to be transmitted through the spinal cord, section of which 
obviates the occurrence of the cardiac standstill. 

It is a remarkable fact that irritation of the visceral peritoneum does 
not cause results similar to those obtained from the parietal peritoneum. 
Stimulation of the former, indeed, appears to be entirely negative both 
as regards the causation of cardiac inhibition and of ordinary reflex 
movements. The most powerful excitation of the visceral peritoneum 
appears to be without effect on the cardiac action. And stimulation of 
the mucous membranes and of the whole thickness of the walls of the 
stomach and intestines seems to be entirely ineffective. Powerful 


- electrical currents, chemical and thermal stimuli, and severe mechani- 


cal injury appear to be equally inoperative as regards any perceptible 
cardio-inhibitory result. It is hardly necessary to dwell upon the 
contrast which this condition presents to that demonstrated by Goltz in 
the frog, and very freely assumed to be present in the case of the 
higher animals. 

A curious experiment is described by Marshall Hall’. He asserts 
that impulses from the eel’s stomach can act upon the heart (through 
the sympathetic system) without the intervention of the cerebro- 
spinal system at all. In proof of this he advances an observation that 
when the stomach was crushed by a violent blow with a hammer, the 


heart stood still for a considerable length of time, and this after the 


eel’s brain and spinal cord had been completely destroyed. 
Now, I have entirely failed to observe any cardiac inhibition as a 
result of violent crushing of the stomach when this is done by means of 
a strong pliers, so as to avoid the accompaniment of jar. Neither in © 
eels with brain and spinal cord intact, nor in eels with those organs 
destroyed, have I seen the slightest cardio-inhibitory effect to result 
from such a procedure. It is probable that the inhibition described by 
Marshall Hall was not simply due to the injury of the stomach but 
to some accompanying influence. And indeed the method of crushing 
the stomach by means of a hammer would render possible the intro- 
duction of many influences other than the injury to which he ascribes 
the result. For such a blow would necessarily injure a number of 
structures, and would at the same time give rise to a considerable jar. 
Injury of the neighbouring structures could not have been the efficient 


1 Todd's Cyclopedia of Anatomy and Physiology (Article “ Heart”). 
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cause of the cardiac standstill provided the brain and spinal cord were 
completely destroyed; but the occurrence of jar affords a very probable 


explanation of the matter. I have in several instances observed a well- 


marked arrest of the heart’s action as a result of sudden jar such as 
results from striking a heavy blow. upon the board on which the 


- animal rests; such a result may be obtained even after destruction of 


the brain and spinal cord. It possibly acts by mechanically stimulating 
the vagus nerves. To such a jarring accompaniment of Marshall 
Hall’s blow, is probably to be ascribed the cardio-inhibitory phenomenon 


| which he describés. 


Stimulation of the abdominal organs appears to exert no inhibitory 


influence on the heart’s action. 


(5) Stimulation of the central end of the right or left vagus nerve as 
it lies along the oesophagus, above the stomach, causes marked reflex 
inhibition of the heart. On the other hand, stimulation of either nerve 
below the gullet after it has passed on to the stomach, seems to have no 
cardio-inhibitory effect. 

(6) Stimulation of the central end of the first spinal nerve or any of 
its branches is an effective means of inducing cardiac arrest. Many of the 


branches of this nerve can be very easily exposed in their course to the 


muscles on the ventral aspect of the body in front of the pectoral fins. 

Stimulation of the central end of any spinal nerve is often onewed 
by cardiac standstill. 

(7) Irritation of the mucous membrane of the mouth and more 
especially of the pharynx is a proceeding by which the heart can 
commonly be arrested. Contraction of the skeletal muscles is usually 
induced to a greater or less extent at the same time as the a 
standstill. 

(8) Severe i injury of any part of the animal excepting the siiciael 
organs is usually followed by general reflex movements and. cardiac 
inhibition. Injury of the pectoral fins seems in many cases to be more 
effective than injury of the body generally—excepting of course the 
specially sensitive parts, ie. skin of head and tail, parietal peritoneum, 
and gills. 

It is noteworthy that the only parts severe injury of which does not 
induce cardiac arrest, i.e. the abdominal organs, are those which in some 
animals have been shown to be the parts most closely in relation with 
the mechanism of cardiac inhibition. 

I have in a considerable number of eels investigated the effects of 
excitation of the great lateral nerve upon the heart’s action. This nerve, — 
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which is variously arranged in different fishes, arises in the eel from the 
bunch of nerves which make up the vagus. It separates from the other 


_ parts close to the skull and then passes along the lateral surface of the 


animal, following the same general course as the lateral line though 
embedded among the muscles at a considerable depth from the surface. 
It does not in the eel extend to the tail as it does in some fishes; it 
terminates at a variable point, sometimes about the junction of the 
caudal third with the rest of the body, and sometimes about the middle 
of the animal's length. Both section and stimulation of this nerve 
seem to be without any decided effect on the cardiac action. 

It has been suggested that, in the case of the higher animals at least, 
the inhibitory control exerted over the heart by the vagus nerve is a 
means of checking the development of any excessive rise of blood-pressure 
in the head. And in some animals a marked increase of blood-pressure 
in the medulla appears to lead to an increased activity of the vagus 
centre and a consequent slowing of the heart’s beat. Such a mechanism 
does not seem to act in the case of the eel—if one may judge from the 
result of placing the eel in a vertical position with the head downwards, 
so that a great accumulation of blood is induced in the head whilst the 
pressure must be immensely raised in that part. In such circumstances 
no cardiac inhibition occurs except when the animal is suddenly placed 
in the position referred to; general movements and temporary cardiac 
arrest may then occur, this result being probably referrible to the sudden 
circulatory change. The heart is not kept slowed all the time that the 
vertical position is maintained ; in fact there is usually, in a little time, 
a somewhat quicker rate of action than is seen in the horizontal position. 
The heart is much distended with blood and is not able to empty itself 
at each contraction. This gorged condition of the heart does not seem 
to be affected by section of both vagi; neither does the slight an 
just referred to. 

When an eel is held in the vertical position with the head upwards, 
the heart's action remains unchanged or becomes somewhat slower than 
in the horizontal position. The heart looks small, pale, and empty. 

The effects of stimulation and removal of the various parts of the 
brain can readily be tested in the eel. 

No apparent influence is manifested upon the heart as a result either 
of stimulation or of removal of the cerebral hemispheres. 

Stimulation of the optic lobes, on the other hand, leads to results of 
a very marked nature both in the heart’s condition and in that of the 
skeletal muscles. Weak or — stimulation leads to prolonged cardiac 
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standstill accompanied by vigorous contraction of the skeletal muscles. 
Interrupted currents of the strength obtained when the secondary coil is 
at 13cm. or even 14cm. are frequently sufficient. The results are pro- 
bably not due to spreading of the current to the medulla, as the applica- 
tion of the same current to the cerebellum, which lies nearer the medulla, 
is followed by comparatively trivial inhibitory results, if by any at all. 

Removal of the optic lobes causes a very marked cardiac inhibition 
as an immediate result of the operation. When the ordinary cardiac 
rhythm is restored it is found that in the absence of the optic lobes certain 
forms of reflex inhibition are still readily effective, while others appear 
to be lost. In the former category are included gill stimulation, irrita- 
tion of the tail, or of the central end of the vagus nerve as it passes along 
the cesophagus, or of the central end of the Ist spinal nerve ; also peri- 
toneal stimulation, and severe injury of any part. In the second category 
there comes the application of slight friction or weak interrupted 
currents to the skin of the head, to the gill apertures, and to the mucous 
membrane of the mouth; the inhibitory effect of these proceedings 
appears to be lost. In fact removal of the optic lobes appears to have 
much the same effect as the moderate administration of ether or chloro- 
form, as far as the conditions of reflex cardiac arrest are concerned. 

In many cases the heart’s rhythm appears to be quicker in the absence 
of the optic lobes than prior to their removal. 

Stimulation of the medulla, as might be anticipated, leads to pro- 
longed and powerful inhibition of the heart; the cardiac standstill 
usually persists for a considerable time after the stimulation has been 
discontinued. 

Removal of the medulla necessarily obviates the occurrence of all the 
reflex inhibitory phenomena. 

There usually is exerted—at least in eels under experiment—a con- 
stant tonic inhibitory influence of a weak character upon the heart 
through the vagus nerves. The medullary vagus centre appears to be 
usually in a state of slight activity which causes the rate of the heart’s 
beat to be slower than it would be in the absence of this vagal influence. 
And this tonic controlling influence is manifested even when the eel 
appears to be perfectly quiescent; though the conditions under which 
the animal is observed may be an important factor in the matter. The 
means adopted to secure the animal, and the incisions necessary to expose 
the heart and other parts may serve as sources of abnormal afferent 
impulses to the medulla which excite a condition of continued though 
slight activity of the vagus centre. It is difficult to decide whether—as 
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is stated to be the case in mammals—a constant controlling vagal in- 
fluence is exerted upon the heart in the normal state of the animal. In 
the conditions referred to however, there can be no doubt that such a 


controlling influence is, in the eel, usually present; such can be demon- 


strated by the results dividing both vagi or destroying the medulla. 
A marked acceleration of the cardiac rhythm usually follows. The con- 
trolling influence referred to is, as a rule, much more strongly marked 
when the optic lobes and medulla are both intact than when the former 


parts have been destroyed. 


The presence of such a constant controlling influence is of much 
importance in determining certain after-effects of reflex inhibition. 
' The phenomena of reflex cardiac inhibition have already been stated 
to be similar to those of direct inhibition resulting from stimulation of 
the vagus nerve. But the after-effects in the two cases are often very 
markedly different. In the case of reflex inhibition an after-acceleration 
of a very decided character may obtain in the heart’s rhythm, while in- 
hibition caused by stimulation of the vagus nerve is followed by no such 
phase of acceleration. The after-effect in the case of reflex inhibition 
appears to be due to a relaxing of the tonic controlling influence upon 
the heart for a short time after the period of inhibition—to the fact that 
when the medullary vagus centre has been thrown for a time into a state — 
of high activity this phase is succeeded by a phase of markedly diminished 
activity. And so the acceleration in the heart's rhythm is brought about. 
Similarly, a slight increase in the force of the auricular beats may occur 
as an after-effect of reflex inhibition, when the force of the beats has 
been kept to a certain extent depressed by the constant inhibitory in- 


fluence prior to the occurrence of reflex inhibition. 


The tonic controlling influence exerted on the heart can frequently 
be diminished by the administration of ether much in the same way as 
by removal of the optic lobes. 

It will have been gathered from the experiments described that reflex 
cardiac arrest may occur with or without the manifestation of general 
reflex action. 

Peripheral stimulation in some cases leads to reflex cardiac arrest 
accompanied by general reflex action, In this case a general state 
of activity is induced along the spinal cord and medulla; in this state 
of activity the medullary vagus centre participates. Such results occur 
in response to stimulation of the skin of the head and tail, of the gill 
apertures, of the mucous membrane of the mouth, and by severe injury 
of any part except the abdominal organs. 

18—2 
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On the other hand, peripheral stimulation may exert a special 


influence in exciting the vagus centre alone, or the vagus centre along 


with the neighbouring medullary centres (e.g. respiratory) without any 


manifestations of general excitation of the spinal cord. The afferent 
impulses resulting from such peripheral stimulation seem never to pass 
along the spinal cord; they are always transmitted by nerves that arise 
directly from the medulla. As examples may be cited the (results of) 
stimulation of the gills, of the fifth branchial arch, of the 1st spinal nerve, 
and of the vagus as it passes along the oesophagus. 
In all the eels experimented on, the brain was destroyed or anaesthetics 

were administered before any operative proceedings were undertaken. 

_ In conclusion I must express my indebtedness to Prof. Schifer for 
many valuable — offered during the progress of the foregoing 
investigation. 


DESCRIPTION OF FIGURES. PLATE VI. 


All curves are to be read from left to right. The upper line in each case 
records time, the interval between each two marks corresponding to 2 seconds. 
ae: 1. Section across the Eel’s ventricle at the mitral orifice. 
| mitral orifice. 
2 cavity of ventricle. 
a. wall of canalis auricularis. 
b. thickened ring round mitral orifice. 
c. flaps of mitral valve. 
d, narrow and prolonged isthmus of muscular tissue by which the 
thickened ring c. is continuous with the ventricular muscle. This 
isthmus is enclosed by connective tissue ¢, in the substance of which 
the coronary vein is seen cut across. 

adipose tissue on surface of ventricle. 

blood-vessels at superficial part of ventricle. 

epicardial connective tissue. 

outer longitudinal muscular bundles. 

inner circular muscular layer. 

The two last-mentioned layers (4. and &.) constitute the compact muscular 

substance forming the outer part of the ventricular wall. Internal to h. 


is seen the complex meshwork of muscular bundles making up the gtd 
part of the thickness of the ventricle, 
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Fig. 2. Effect of ‘a periodic series of stimulations upon an isolated 
quiescent ventricle, the ventricle being heated at the same time. Induction 


_ Shocks applied every 10 seconds. A well-marked staircase of beats isseen, ==... | 


Fig. 3. Tracing of an isolated ventricle, Shows 
the effects of (1) a rapidly interrupted current as obtained from a Du Bois 
Reymond’s machine and (2) a slowly interrupted current—the interruptions 
made by hand by means of a key in the primary circuit. Coil at 10 cm. in 
both cases. A spontaneous beat occurred some time after the discontinuance 
of the rapidly interrupted current. 


Fig. 4. Effects of (1) continued application and (2) temporary application 
of a rapidly interrupted current (60 per second) to an isolated quiescent 
ventricle, Ooil at 8 cm. The ventricle was slightly under the influence 
of heat. 


Big. 5. ‘Tencing of vanizicle in situ; apex held. in clamp. Vegus 
nerve stimulated during the period indicated on lower line. Recommencing 
beat is seen to be very large. 


Fig. 6. Tracing showing effect of vagus stimulation upon intact auricle 
with circulation going on. Vagus stimulation begun at point marked + and 
discontinued at point marked |. A striking diminution in the size of the 
recommencing beats is seen. The heart was distended with blood during 
inhibition. There is no augmentation or acceleration as an after effect. 


Fig. 7. Tracing showing effects of vagus stimulation upon the auricle of 
an intact heart. There was no distension of the organ with blood during the | 
period of inhibition. The recommencing beats are seen to be diminished in 
size. 

Fig. 8. Shows the result of the passage of a weak interrupted current 
through an automatically-contracting auricle. Coil at 10 cm. There is no 
depression in the force of the beats and no inhibition of rhythm. A similar 
current applied to an auricle which is contracting normally under the lead of 
the sinus causes a complete arrest of rhythm or a striking depression of both 
rhythm and contraction force. : 
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THE INNERVATION OF THE HEART OF THE SLIDER 


TERRAPIN (PSEUDEMYS RUGOSA). By T. WESLEY 


MILLS, M.A., M.D., Lecturer on Phystology, McGill 
Montreal, Canada. 


RECENT inveiiesoous have placed the whole physiology of the heart 
in such a new light that we might almost speak of a new heart- 
physiology. Most of this work has been done on cold-blooded animals 
and on the isolated heart ; and by the aid of the Graphic method which 
from certain points of view has so many advantages. 

Some of the conclusions drawn are so important and others are so 
opposed to former views that it seemed to me desirable as soon as 
possible to ascertain whether these conclusions were valid for the heart 
in situ ; for until we know how far they hold for the normal animal they 
may be interesting and suggestive, but cannot form a part of our 
genuine physiological capital. All my experiments have been performed 
with the heart in situ, and with special references as regards statement — 
of results to accompanying conditions, particularly the state of the 
nutrition of the cardiac tissue. 

In order to avoid any possible fallacy arising from the attachment of 
recording levers &c., I have foregone the use of the Graphic method. My 
plan has been to observe the heart as closely as possible, and make notes, 
with as much detail as seemed desirable, at the moment a beat took — 
place. The rhythm, which term I shall use to mean rate of beat 
only, has been throughout noted for the period of one minute, so that 
errors in observing a heart beating so slowly as that of the tortoise were 
not probable. 

I omitted the Graphic method the more readily for this animal as 
the heart-physiology of the land tortoise has been so elaborately worked 
out by its use by Dr Gaskell. Differences have been noted in the 
physiological behaviour of not only the frog and the toad, but even of 
different kinds of frogs. Ransom’s’ opportune paper gives striking 
instances of “ physiological isolation ;” and it reminds us afresh of the 
danger of too wide generalization, which seems to me to be a defect 
from which certain recent brilliant physiological work is not free. As 


1 “On the Cardiac Rhythm of Invertebrates,” This Journal, Vol. v. Nos. 4, 5 and 6. 
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regards the Chelonians a recent 'French writer has pointed to differences 
in the respiration of the land and water tortoise. 

My experiments were made on the fresh water tortoise and, with a 
very few exceptions, on the Slider Terrapin (Pseudemys rugosa). These 
experiments were thirty-four in number (ie. thirty-four animals were 
used) and occupied me daily for 6—8 hours for eight weeks during 
April and May. 

The Slider Terrapin is obtainable in the markets of Baltimore, and 
the opportunity of doing this work is owing to the kindness of Prof. H. 
Newell Martin of the Johns Hopkins University, who has very kindly 
given me the use of his laboratory. 

In most of the cases the same animal was used on the day following 
the first observations, and this procedure has been fruitful in unexpected 
results, It was my custom to leave the animal covered with a wet towel 
dipping into a dish of water. The pericardial and perivisceral fluid is 
so abundant in the Slider that the heart generally remains bathed in it. 


Comparison of the Two Vagi. 


Adolph Meyer’, basing his conclusions on an examination of eight 
cases of Emys lutaria, decided that there were no inhibitory fibres in the 
Left vagus of the full-grown specimens of that species. In three other | 
species, Hmys guttata, E. picta, and E. decussata, he found both vagi 
effective. He examined however only three specimens of the first and 
only one of each of the others. © 
: Gaskell*® puts the case against the Left vagus sy strongly for 

Testudo Graeca. 


I have made a careful examination into this matter in 24 cases. A a 


determination was made of the exact strength of current (interrupted) 
necessary to stop the heart for a definite short period, generally half a 
minute ; and in a large number of cases, also of the length of time each 
vagus could, with a strong current, keep the heart quiescent. The 
results may be thus summarized : | 

(1) R. and L. vagi exactly alike in 5 cases. | 

(2) R. vagus much more effective over the rhythm in 2 cases. 

(3) R. vagus slightly more effective in 4 cases. 


1 «Recherches anatom, et phys. sur le mechanisme &c.”’ Annales des Sciences Naturelles 
de Zoologie et Paleontologie. Tome xv. 1883. Art. 6. 

2 Das Hi tem des Herzens. Berlin, 1869. 

3 This Journal, Vol. rv., pp. 82 and 83. 
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(4) IL. vagus without effect on the rhythm in 2 cases. 
The following notes bear on the matter more in detail. 


April 16th. Experiment VIII. Stimulation with the strongest current 
_ of the L. vagus stops only the auricles and ventricle but not the sinus venosus. 
The pause of the former lasts only 2—3 seconds. 

R. vagus. Stimulation with the secondary coil one third over the primary 
stops the heart and keeps it in diastolic standstill. 

April 17th. Exp, TX. A current that stops the heart when applied to 
the R. vagus allows of 7 beats per minute when applied to the L. nerve. 


May 8th. Exp. XXI. Heart arrested by R. vagus when secondary coil 
14cm. from: primary. 
By L. vagus when secondary coil one-fourth over primary. 


May llth. Exp. XXII. R. vagus, effective to cause stoppage of heart 
when secondary coil at cm, 

L. vagus, at 1} cm. 

May \7th. Exp. XXV. __L.. vagus effective at 10 cm. 

R. vagus » cm, 

May 19th. Exp. XXVI. L. vagus lem. 

R. vagus ,, 4cm. 

May 25th. Exp. XXXII. L. vagus ,, 12cm. 
R. vagus » » 9 om. 

May 26th. Exp. XXXIII. L. vagus ,, ,, 2cm. 
R. 0 cm. 

- May 13th, Expr. XXIII. L. vagus, whether stimulated with a strong 
or weak current, produces no slowing of the rhythm but a very marked 
diminution of the force of the beat. : 

R. vagus. With secondary coil at a long distance from primary, a 
weakening of the force of the beat is produced, some beats being stronger than 
others, but no beats are dropped out. Secondary coil at 3cm. produces a 
sudden standstill. 

A second stimulation of the L. vagus produced the same phenomena as 
before; but the Z. awricle was noticed quiescent. 

R. vagus. It requires a strong current (secondary coil two-thirds over 
primary) before the 8. venosus is stopped; R.A. more dilated than L. during 
stimulation of R. vagus. After cessation of stimulation the L. auricle remains 
more dilated than the R. 


May 22nd. Exr. XXX. Both vagi when stimulated with weak currents 
(secondary coil at 3 cm.) can hold the heart in standstill for from 10”—15”. 
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With secondary coil half over primary the R. vagus can keep the whole heart 
in prolonged quiescence. The strongest current does not, when applied to 
the L. vagus, keep the heart perfectly quiescent. 

Continued stimulation of the L. vagus for one hour. At the end of this 
period it was seen that : 

(1) L. auricle was still quiescent. : 

(2) Diminution in the force of ie beat of the R. auricle and the 
ventricle, 

(3) No diminution in the original rhythm, viz. 27. 

After the cessation of stimulation no increase of the rate. 

May 21st. Exp, XXIX. IL. vagus. A moderate current stops the 
auricles and ventricle but not the sinus venosus. The sinus venosus which 
the strongest current does not affect gives 7—8 beats in 12”, upon which 
follows a beat of the auricles and ventricle. LL. auricle more dilated during — 
standstill than the R. 


Conclusions. From the notes on the shoveselated experiments it 
will be seen that : 
(1) Asa general rule in the Slider Terrapin the R. vagus has more - 
effect over the rhythm than the Left. 
(2) Ina certain small proportion of cases the reverse holds bus 
(3) In a few cases the L. vagus has no effect whatever over the 
rhythm. 
(4) The L. vagus has sometimes an effect on the force of the beat 
when it has none on the rate. 


(5) The length of time during which the heart can be inhibited by 
the R. vagus is much greater as a general rule than that by the 
Left. 

(6) To this as to generalization (1) there are occasional exceptions. 

The two latter propositions will be illustrated later. 


Unilateral effects of Vagus Stumulation. 


Reference to certain of the above detailed experiments (XXIII, 
XXIX) brings out the fact that the effects of stimulation of one vagus 
may be to cause a standstill, greater dilatation &c. of the auricle on the 
corresponding side. The reverse I have never noticed, ie. never a 
crossed effect. 


The following experiments still further develope this matter. | 
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May 7th. Exp. XX. After stimulation of R. vagus the R. auricle 
remains quiescent on the cessation of stimulation longer than the Left. 


May 17th. Exp, XXV. R. auricle more relaxed when R. vagus stimu- 
lated. 


May 20th. Exp. XXVII. Notice that after stimulation of L. vagus the 


L. auricle is more relaxed than R. This continues for some time after the 
rhythm is reestablished. 


May 22nd. Exp. XXX. During stimulation of L. vagus causing stand- 
still of the heart the L. auricle is more dilated than the R. 
This remains after rhythm established for some time. 


May 25th. Exp. XXXII. L, auricle, when the L. vagus is stimulated, 
stops sooner than the R. and is later to begin when the rhythm reappears. 
This effect follows whether the current is sufficiently strong to stop the heart 
or not. 


Effects of vagus stimulation on the Sinus Venosus. 


But, what is even more remarkable, the effect on the S. venosus is 


different according as the R. or L. vagus is stimulated, at least in 
certain cases, 


The following experiments bear on this point. 
May 23rd. Exp. XXXI. <Auricles and ventricle cut away from sinus 
venosus which continues beating im situ with a rhythm of 31. 
L, Vagus stops it with secondary coil at 0 cm. 
» » lem. 
R. vagus stimulated for 10’ when beats begin to appear. 
L. vagus now stimulated. This stops the L. part with its associated veins 
but not the R. 
These stimulations followed by an after rhythm of 38. Both vagi 


stimulated together, the L. part is completely stopped and the force and length 
of the wave of contraction on the R. side diminished. 


May 26th. Exp. XXXIIL R, vagus when stimulated stops the whole of 
the isolated sinus venosus; the L. vagus only the L. part. ; 


A later stimulation of L. vagus can stop the pulsations of those veins only 
which join the 8S. venosus on the L. side. 


In one case I found that the S. venosus could not be stopped, but 
only slowed and its beat weakened, by stimulation of either vagus. 
In another case in which the S. venosus was cut so that there was 
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a R. part entirely separate from the L. part, the R. vagus could control 
the corresponding part, and the L. vagus its corresponding part. 

The following experiments show among other things how much 
weaker is the inhibiting power over the S. venosus than over the 
auricles. | 

April 7th. Exe. III. R. vagus stimulated for 5’. During this time the 
whole heart is quiescent except the sinus venosus which beats twice. 

April 16th. Exp. VIII. Stimulation of L. vagus readily stops auricles 
and ventricle, but the strongest current fails to stop the S. venosus, in 
consequence of which every 2”—3” a complete heart-beat follows. 


May 7th (2nd day). Exp. XX. R. vagus stimulated. 

Notice the ventricle break away in an occasional beat while the auricles 
remain quiescent. The sinus venosus always beats before the ventricle in 
every case. 

May 13th. Exp. XXIII. Prolonged stimulation of the R. vagus. The 
S. venosus noticed giving 10—12 weak pulsations while all the rest of the 
heart is quiescent ; these pulsations are then followed by a beat of the auricles 
and ventricle. 


From the preceding experiments I think the following generaliza- 
tions may be deduced : 


(1) A ventricular contraction may follow an auricular contraction 
or a contraction of the S. venosus alone. The latter case is 
very rare, 

(2) The inhibiting power of the vagus is greatest over the auricles ; 
and the quiescence of the ventricle following on vagus stimu- 
lation is a consequence of the cessation or weakening of the 
pulsations of the auricles or of the S. venosus. 

(3) Invariably the power of the vagus is greatest over the auricles. 
This may be more marked on one side than on the other. 


This (first part of 3) may not be very clearly brought out by the 
experiments noted above ; but very often I have seen the vagus stop or 
greatly weaken the pulsations of the auricles when it seemed to have 
comparatively little effect on the rest of the heart, the ventricular 
contractions remaining strong partly on account of the wave of contrac- 
tion, such as it might be, passing from the weakened auricles or on 
account of that of the sinus venosus which in such cases might be nearly 
as strong as usual. Nothing has been more impressed on me during 
these experiments than the controlling power which the auricles (or 
even one auricle) can and normally do exert over the ventricle. 
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The above conclusions are in the main in accord with those of 
Gaskell' for Testudo Graeca; and the failure of the ventricle to 
contract in sequence with the auricle or sinus venosus, until we better 
understand the process, may be conveniently described as due to a 
“block ” of the contraction wave; at the same time the explanation is 
to me not entirely without difficulties. 

Gaskell and Donaldson have noted the power of the vagus over 
the isolated sinus, but so far as I know no one has pointed out the 
asymmetrical effects of vagus stimulation referred to above. The result 
following stimulation of the vagus in a creature much lower in the 
animal scale, viz. arrest in diastole of the auricle of that side only 
corresponding to the nerve stimulated, as pointed out by Ransom in his 
admirable paper on Octopus’, and is very interesting in this connection. 


The Effects of Section of the Vagi. 


As is well known, the results of section of the vagi in certain mam- 
mals is to cause great cardiac acceleration. In the dog section of one 
vagus may be followed by but little or no acceleration, yet section of both 
_ produces a marked increase in the pulse rate. 
This peculiarity I may state at the outset I have never seen in the 
Slider Terrapin. The maximum effect is obtained on section of one 
vagus. 
Below is given in brief the results of 18 experiments on this subject, 
which so far as I know has never been put to the test in cold-blooded 
animals in any systematic way. 
(1) Section followed by no cardiac acceleration whatever in 7 cases. — | 
(2) Slowing (mechanical stimulation of the nerve) in 4 cases. 
Case I. Rhythm, before section, 26 after 24. 
Case Tit. ” ” 84 
Case IV. | ” ” ” 28 ” 25. ita 
(3) Slight acceleration in 3 cases. a 
before section, 26 after 28. 
Il. ” ” ” 31 ” 33. 


2 Vol. v. of this Journal, p. 280. * “°°” 
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(4) Moderate acceleration in 1 case. 

Rate before section 26—32. 
Rate after ,, . 34 regular. 

(5) Very marked acceleration, 3 cases. 

The most marked case I have had was No. VII. Rate before section — 
was 8, and the heart very irregular in its action. The Ist minute after 
section of L. Vagus the rate rose to 12, and in the 2nd minute to 20. 

_ The following are also instructive : 

Exp. XV. Rate = 21 and irregular; section of L. Vagus led to a very 
rapid beat for 4 minute; the total for the minute was 25. But the rhythm 
soon fell to 17. 

Exp, XIX. Rate = 16 andirregular. Section of L. Vagus. 

After rhythm for Ist minute 26; 2nd, 25; 3rd, 25; 4th, 26. 

Conclusions. I think the truth as regards this animal may be fairly 
well expressed on this subject by the following : 

When the rhythm is fairly or very rapid and the cardiac action 
regular, section of one or both of the vagi may be followed by no 
acceleration or only very slight acceleration; but if the rhythm be 
slow and the heart’s action very irregular the acceleration may be 
considerable. 


Reflex Inhibition in ‘the Slider Terrapin. 
Great interest has of late attached to cardiac reflex inhibition in 
consequence of the remarkable results obtained by Mc William’ in the 
eel. As nothing has been reported on this subject for the tortoise I have 


put the matter to the test in 12 experiments. 7 
The effects of the following kinds of stimulation have been noted: 


(1) Injury due to removal of plastron &c. 
(2) Electric stimulation of the brachial plexus and sciatic nerve 


| the interrupted current. 


ah 


“The ‘same ‘sort of stimulation. suplied to the main sympathetic 
stem in the upper thoracic region, __ 


(4) The same applied to the viscera. 
(5) Sponging over the peritoneum and muscles &c. 
(6) A stream of cold water to the peritoneum. 


1 This Journal, Vol. v. “Proceedings of the Physiological Society.” (See also the 
paper preceding this one. Ep.) 
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(7) Goltz, Klopf-Versuch over peritoneum, especially in the region of 
the bladder. 

(8) A pushing-down force with the end of the wooden handle of a 
seeker in the same region as noted in 7. 

Making use of the Nos. to indicate the kind &c. of stimulation as 
described above my results may thus be summarized: 


Exp. I. 2 is negative. Exp. VI. is negative, 
4 ” ” 
5 effective. 2 
7 a Exe. VII. 5 is negative. 
Exp, II. 7 is negative. ae 8 ” 
6 effective. 2 ” 
Exp. III. 7 is negative. Exe, VIII. ; is easily effective. 
2 ” 
2 is entirely negative 
with the strongest 
Exp. IV. is effective. 
8 Exp. IX. 2 is negative, 
5 is effective. 
Exp. V. 7 is negative. Exp. X. 2 is negative. 
5 8 
4 ” 5 


Exp, XI. and XII. as in Exp. X. 


Conclusions. It may be stated, although notes have not been kept 
on this point, that a stream of cold water allowed to flow over the 
lower part of the peritoneum, and the injury from removal of the 
plastron have almost always been followed by more or less cardiac 
inhibition, and often, especially after the latter apparently, for a 
considerable period. | 

The relatively greater effect of such forms of stimulation as sponging 
over the peritoneum as compared, with electricity, even when applied to 
the great nerves, is very striking. 

Although I have tested the matter only twice, stimulation by the 
interrupted current as indicated in 3 has been followed by most — 
decided inhibition when stimulation of the brachial plexus &c. had not 
the slightest effect. 

It will be noted that in not a single instance was electric stimulation 
of the viscera in the slightest degree effective. 

When trying the Klopf-Versuch I was forcibly reminded of what 
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frog in his laboratory, that there is the greatest diversity among 


stimulation of the vagus, however. 


~ occurred about 3 or 4 times in the minute. After the lapse of 20’ a series of 
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Prof. Goltz had told me, and what indeed I had seen in the case of the 


animals even of the same species in the matter of susceptibility to reflex 
cardiac inhibition as tested in this manner. 

The case may in general be put as follows : 

Reflex cardiac inhibition in the Slider Terrapin can rarely be 
accomplished by the application of electric stimulation to the 
ordinary sensory nerves and surfaces, or to the viscera, As 
regards the other usual forms of stimuli, the animals, while 
differing: much from one another, are in general rather in- 
sensitive. 

_ I have never failed to get spdliac standstill by directly sponging over 
the unopened pericardium or the heart. This I take it is direct 


Results of Prolonged Stimulation of the Vagi. 


On this subject I have spent much time, and the results have been 
surprising and in some respects not a little puzzling. So little has 
been done in this direction that it may be profitable to give the salient 
points of each of the 12 experiments made. 


April 10th. Exp. V. L. vagus. After a few minutes’ stimulation a beat 


beats appeared several times in a minute; these gradually getting more 
numerous till the original rhythm was reached in 27’, when at once the R. 
vagus was stimulated. The phenomena were similar during the interval of 
stimulation, and the original rhythm was reached after 30’. 


April 27th. Exp. XV. R. vagus. No beat for 28’ after stimulation 
begun, Between 28’ and 50’ an occasional beat, amounting to 12 in all. 
After 52’ the original rhythm of 24 is reached. 


5’, 25 ; 6, 23; 7', 24. 


April 29th, Exp. XVI. L. vagus. After 33" perfect stanidtill noticed 
occasional weak pulsation of the 8. Venosus; but with an occasional beat of ‘ 
the whole heart, amounting to 15 in all, the L. vagus held the heart in arrest 
for 1 hour and 14 minutes. Then after the lapse of 1’ the original rhythm of 
26 is reached ; 7’ later the rhythm is 21. 


May 6th. Expr. XX. rhythm = 32. 


R. vagus stimulated for one hour without the nen of a single 
pulsation. 


4 
3 
| 
a 
t 
aq 
bee 
% 
x 
4 
wen 


256 WESLEY MILLS. 


Current then shut off; After 4’, rhythm = 28 
and regular. 
After the lapse of 5’, current again flows. The heart remains perfectly 


quiescent for 1 hour and 60 minutes, then the inhibitory power was wholly 
lost even with the strongest current. 


After 5’, rhythm = 24 and regular. After 12’, rhythm = 23 and irregular. 
May 9th. Exp. XXII. R. vagus. Original rhythm=35. After 5’ an 
occasional beat. Moving the electrodes lower down on the nerve no beat for 
10’, when a single pulsation follows and no more for 30’. A brief break is 
made in the current, the rhythm rises to 33. 
2nd Stimulation. No pulsation for 20’: towards the close of the hour 
1-2 pulsations in the minute occur; at the end of 1 hour the current is 
broken and the rhythm rapidly veathes 31. 
3rd Stimulation (immediately after). Not a single beat escapes for 
14 hours. 
The current then broken. 
| Rhythm after 3’ = 28. 
” » 28. 
» 10°=28 
The rhythm is perfectly regular. 
The next experiment deserves special attention it seems to me. 


May 9th. (2nd day). Exp. XXI. continued. Rhythm 19 and regular. 


lst Stimulation. R. vagus. No pulsation for 1 hour and 22’, when 
2 beats escaped ; the electrodes were then moved a little lower down, when the — 
heart remained in standstill until the current was broken, i.e. until the lapse 
in all of 14 hour. 
After a latent period of 12” beats appear and amount to 8 in all 
in the 1st minute. 
After 12’ the rhythm = 23 and regular. 


2nd Stimulation. R. vagus. Heart stops after a latent period of 2”"-4", 
and remains in perfect quiescence for 3 hours. The secondary coil just over 
the primary. 

After a latency of 13” rhythm in lst minute=11, after 5’= 26 and regular. 
After the lapse of 30’ rhythm = 24 and regular. 
May 11th. Expr. XXII. After various stimulations lasting more than 


2 hours the rhythm when reestablished does not exceed 21. The original 
rhythm was 26. The holding power of R. vagus much greater than of L. 


May 13th. Exp. XXTIL L, vagus. Electrodes applied for 1 hour. At 
the end of that period noted the following : 
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(1) L. auricle quiescent and much dilated. 
(2) Beat of R. auricle and the ventricle diminished in force, 
(3) Rhythm of R. auricle and the ventricle 27; original rhythm 27. 


R. vagus. 1st stimulation for 1 hour, at end of which time the heart has 
a rhythm of 7. 
After the current is backen 1’, rhythm = 24, after 10’ = 27 atid regular. 


Qnd stimulation. After 52’ a beat now and then escapes ; these increase in 
number so that at the end of one hour the rhythm is 2. 


May 14th, (2nd day of Experiment.) Rhythm 13 and regular. The heart 


is almost bloodless and has but little lymph around it. Stimulation of the 
R, vagus begun at 9.55 a.m. and the first beats were seen at 2.40 p.m. 

In this case there was complete inhibition for longer than four hours 
and a half. 


May 15th. Exp. XXIV. L. vagus. After 25’ stimulation a pulsation 
follows; the electrodes are then immediately placed under the R. vagus. 

No beat noticed for 1 hour and 57’. After the lapse of only 2’—3’ the 
electrodes again placed under the L. vagus, which could then inhibit perfectly 
for only 17’; a change was then again made to the R. vagus which had 
perfect power for 1 hour and 21’, when the current was broken (inhibition 
still good), It will thus be seen that by alternate stimulation of the vagi 
inhibition amounting in all to 4 hours was obtained. 

The result on the rhythm of prolonged stimulation is in this case note- 
worthy. The original rhythm was 32, while at the end of these prolonged 


stimulations it was 24 and very irregular. The heart was well — with — 


blood throughout. 


‘May 17th. Exp. XXV. L. vagus, Good inhibition for 30’, when the 


electrodes were placed under R. vagus, which held perfectly for 1 hour. 
Highest rhythm attained after current broken for 5’, when it reached 24, 
which was that prevailing when the stimulations began. 


May 19th. Exp, XXVII. L. vagus, After 3’ stimulation beats began 
to appear, but they did not reach the original rhythm (21), though after 40’ they 
amounted to 16. The current was then sent at once into the R. vagus, which 
had perfect inhibiting power for 1 hour and 30’. 

 After-rhythm 37—38 for first 4’. 
_ After 10’, rhythm = 25 and irregular. 
After 20’, rhythm = 19—20 and very irregular. 
Heart throughout--well supplied with blood—in fact looks engorged. 


May 25th. Exe. XXXII. L. vagus has inhibiting power for 43’, when a 
wave of contraction passes along sinus venosus to R, auricle, and thence to 
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ventricle, the L, auricle remaining quiescent, The holding power of L. 
vagus superior to that of Right. 


May 26th, Exe. XXXIII. Inhibiting power of L. vagus equal if not 
superior to Right. a 


Conclusions. Gamgee and Priestley* concluded from their 
experiments that for the dog, rabbit and frog, “stimulation of the vagus 
never annuls or even prejudices the inhibitory powers of the other vagus 
unless when the inhibitory ed eration has been recently under 
stimulation for some time.” 

Adolf Meyer’ seems to have been the only one who has made any 
systematic observations on the effects of prolonged stimulation of the 
vagi in cold-blooded animals, 

In one case he obtained in Rana temporaria a standstill of 
13 hours. 


In Emys decussata, stimulating both vagi together he obtained —_ 
- gtandstill for one hour, when circumstances obliged him to desist. He 


seems to have felt however that he was in this animal dealing with 
unexhausted possibilities. 

In E. picta he obtained standstill for 8, 10 and 30 minutes respec- 
tivély in successive stimulations. The prolongation of the result on each 
stimulation does not seem to have specially arrested his attention. 

His most remarkable results were obtained in a species of snake 
(Tropidonatus natrix). By alternate stimulation of the vagi in this 
animal he obtained a standstill lasting till its death, and amounting to 
2 hours. 

He had also obtained from the same species of snake by stimulation 
of the R, vagus, gradually strengthening the current as a beat appeared, 
a, standstill of 24 hours. | 

He always found that stimulation of both vagi together was more 
effective than of one only, excepting of course those cases in which the 
L. vagus was wholly without action on the rhythm. 

From his experiments on mammals he concluded that as a result of 
prolonged stimulation of the vagi a slowing of the rhythm corresponded 
to standstill in cold-blooded animals, 

An examination of Meyer’s experiments shows the greatest diversity 
in the matter in question, not alone among different cold-blooded 


animals but in different species, and even different specimens of the 
same species, 


+ This Journal, Vol. 1. p. 54, 2 Op cit. 
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The latter my own experiments amply illustrate; and Meyer’s view 
as to prolonged stimulation in mammals being commonly followed by — 
slowing of the rhythm and not standstill is not contradicted, at least by 
the experiments of Gamgee and Priestley’, though their stimulations 
were of comparatively short duration. 

It will be noticed that the longest period of standstill obtained by 
me for the Slider Terrapin by alternate stimulation of the vagi was 
four hours, and the longest standstill from stimulation of one vagus 
four hours and a half. 

They did not lead to the death of the heart in any ease. These are 
_ so far as I know the longest periods recorded for cardiac inhibition in 
any animal, It will also be noted that in all the experiments made 
during the first day the animal was operated upon and when the heart 
was well nourished, the after rhythm does not exceed the original rhythm, 
and rarely reaches it ; while in the experiments of the second day, when 
we must suppose the nutrition to be suffering, there is al ways acceler- 
ation of the rhythm after even very long stimulations. 

The meaning of this remarkable fact will be discussed later, after 
other phenomena that fall under a kindred explanation have been 
considered. 

It will also be noted that j in all the experiments with two exceptions 
the holding power, if I may so express it, of the R. vagus is greatly 
superior to that of the Left. , 

The state of the whole case may for the Slider Terrapin be thus 
generalized 

(1) The heart is capable of. accel inhibition by stimulation of - 
either one or both vagi. 

(2) In the great majority of instances the inhibiting capacity of the 
R. vagus is vastly superior to that of the Left. 

(3) Prolonged stimulation of the vagus leading to cardiac inhibition 
may be followed by either a rhythm not equal to that prior to 
stimulation, or barely equal to, or considerably in advance of that 
rhythm. The condition of cardiac nutrition seems to determine 
which it shall be. 

(4) The most prolonged inhibition is obtained by alternate stimula- 
tion of the vagi. 

(5) The rate of beat and the length of inhibition seem to be in 
inverse proportion to the efficiency of cardiac nutrition. 


1 Op. cit. 
19—2 


¥ 
a 
4 
A, 
“a 


260 WESLEY MILLS. 


| Effects upon the Heart of stimulating the central end S one vagus, 
the other being intact. 


As very few experiments have hitherto been made on this hi a on 
cold-blooded animals I shall give briefly an account of 14 experiments of 
mine ; the more’so as they are not without interest in reference to the 
- important question of pure inhibitory effects. 

Generally in these experiments the L. vagus has been selected for 
section and stimulation of its upper end, inasmuch as the R. vagus is 
usually so much more effective over the cardiac rhythm. © 

In three cases the result was purely negative. 


April 14th. Exp. VII. 1. vagus divided and upper end stimulated with 
a moderate current. 
1st stimulation. followed by perfect standstill. 
2nd stimulation. Current made somewhat stronger and after a lesiper 
stimulation (coil one-half over) a standstill, interrupted by a beat now and 
then, which soon yielded to a rhythm equal to the original (26). 
8rd stimulation. After a lapse of 20” the rhythm slowed, and there was an 
occasional stop of about 2” duration, but the rhythm soon reached the original. 
These three stimulations followed not Bilge but with a few minutes 
interval between. - 


April 15th, Exp, VIII. L. vagus divided and upper end sliiclated.. 

Ist stimulation, Rhythm=20. Fell to 10; on the 
-it soon rose to 20 again. 

A 2nd and a 3rd stimulation gave negative results. 


April 16th, Expr. IX. vagus divided 


Ist stimulation, Rhythm = 23, After 5 beats an arrest of 2”—3”; in a 
6th beat followed by no more for the rest of the minute; the current then 
broken. After 3’—4” latency the rhythm is resumed. After 2’ rhythm i is 
‘25; 3', 23; 4, 24; 5’, 22. 

2nd shishadadion. Sa after 4”—5” latency, only 4 beats in all in 1’. 

Current broken, a latency of 4’ follows, 2’, is 23; 3’, 23; 
5’, 25; 6', 26; 7’, 27; 8’, 27. 

A 3rd siealation was also followed by a similar arrest. 


April 20th. Exp. XI. L. vagus cut 

Continued stimulation for 6’. At first the arrest lasted le about 4”, 
but later this reached }'; still later there were 3—4 beats in the. minute, but 
before the end of 6’ the original rhythm of 32 had been regained, 


After 4’ rhythm 33—34. 
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April 21st. Exp, XII. L. vagus divided - 

Ist stimulation, A decided and sudden arrest. After the sliy sii re- 
established a 

2nd stimulation. After 4” sien (secondary coil at 0 cm. oa primary) 
a complete arrest for 2’, when the rhythm began gradually to increase thus: 
After 3° stimulation rhythm is 3; 4’, 4; 5’, sis 6’, 27; 7’, 31; 9’, 34; 10’, 36; 
11’, 35, | 

It is noted however that during stimulation at least for some time (6’'—7’) 
the auricles are more affected (inhibited) than the ventricle. 7 

The original rhythm was 31; there seems therefore to have been accelera- 
tion owing to stimulation. 


April 22nd. Exe. XIII. R. vagus divided and central end 
Rhythm = 28, 

_ 1st stimulation (secondary coil at 2 cm. from primary) followed by a brief 
stop, then a slow irregular rhythm, but this gradually got’ more frequent, till 
after 4’—5’ continued stimulation the original rhythm was exceeded (31). 

3’ later, after current ceased to flow, the rhythm remaimed at 31. 
_ 2nd stimulation with the strongest current produces no complete arrest, for 
y the rhythm is only 7, but after this it gradually quickens to the original. 


April 24th, Exp. XIV. R. vagus divided &e, Rhythm = = 46, 
Ast stimulation negative. 
_ 2nd stimulation. Reduced the rhythm. for 1’ to 39, but in the next it rose. 
| again, to 46. 

8rd stimulation (strongest current). After ‘a few a brief 
then several slow beats, the total for }’ being 13. 

A 4th and a 5th stimulation had similar effects, but during a short stimu- 
lation: (4°) the rhythm rose to 46. 


May 6th. Exp. XX. L. vagus cut. Stimulation causes no 0 einalete 
- arrest—only a sort of irregular rhythm. 

‘Stimulation continuously for 14 hours. After rhythm 32. 
rhythm 33. 


May 8th. Exe. XXI. L. vagus &e. 

Ist stimulation. A brief stop of 4”— 

A 2nd and 3rd stimulation give a tt result, but a ieee current re- 
quired. 
4th stimulation for 30’, no complete arrest at any time; the rhythm reaches 
35. | 

Original rhythm = 35. 


May 19th; Expr, XXVI._ L. vagus divided 
Stimulation lowers the rhythm to 21, but no complete arrest. 
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The rhythm 26. 
The following experiment will show in more detail tho effecta of a series 
of stimulations. 


May 4th. Expr. XIX. L. vagus divided &e. 

ist stimulation. (Secondary coil just over the end of peters), ininaatinee 
arrest for 5”—6"; soon @ pulsation followed by another arrest, and again 
another pulsation, all within 1’. 

2nd stimulation. With equal current but little effect, but with secondary 
coil one-half over primary on arrest for }’; this followed by interruptions and 
several standstills of briefer duration, and the rhythm 28 is 
reached. 

3rd_ stimulation, (Same strength of current.) An arrest of 
25” duration, this followed by a gradual increase in the rhythm till within 2’ 
the original rhythm is reached. 

4th stimulation. With strongest current, after a latent period of 4”; 
an arrest of 3”; within the lst minute 2 similar arrests. 

5th stimulation. With strongest current, only a sort of irregular rhythm 
produced, the force of the beat being lessened, however. 3’ after current struck 
off, rhythm = 28. 

6th stimulation. Constant stimulation for 26’, when the rhythm was only 
14, but there had been no pauses long enough to justify the term standstill 
though the rhythm was very irregular, _ 

Stimulation continued for 1 hour, when the rhythm was 15 and very ir- 
regular. When the current was shut off there was a complete arrest for 
4”—5” and only 5 beats in }’, and 11 in the whole minute. 

5 minutes later the — was 20 but — 
10 later, 23. 
lhour ,, 18; all, irregular but strong. 

The original rhythm was 28 and regular, so that this seems to han been a 
case in which the decided slowing and the irregularity -" be ascribed to the 
effects of prolonged stimulation. 


Summary. The results of the experiments detailed above may be 

thus summarized : 

(1) In only three of the whole number of euiinemnia was stimula- 
tion of the central end of the divided vagus without effect on 
the rhythm of the heart. 

(2) In the great majority of the cases standstill of longer or shorter 
duration was the result of such stimulation. 

(3) Subsequent stimulations, the strength of current used remaining 
the same, had less effect than the primary one. 
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(4) The rhythm after stimulation was noted in ten cases. Of these 
the rhythm was unchanged as compared with that prior to 
stimulation in three cases. In six cases it was somewhat in 
excess of the original rhythm; and in one (Exp. XIX.) there 
was a decided slowing and irregularity noticeable. 


‘Hee are these results to be interpreted ? 

It is most natural to suppose that the standstill of the heart under 
_ such circumstances was the result of stimulation of the cardio-inhibitory 
centre in the medulla, and not of an escaping current into the other 
vagus through the medulla. I witnessed no effects that suggested at 
all such an eseape of current. 

But if the eardio-inhibitory centre alone was acted upon, unless we 
suppose accelerating fibres to be anatomically closely related to it, how 
can we account for the acceleration that occurred? It is true that the 
acceleration was slight, but so it is also when the vagus nerve itself is 
stimulated except when the rhythm is slow, as I shall show later. 

The acceleration is too constant to be accounted accidental, that is to. 
say, due to causes, exciting to quickened cardiac rhythm, other than can 
in every case be definitely accounted for. 

The single case of slowed rhythm following prolonged stimulation 
suggests an analogy with the results of prolonged stimulation of the vagus 
itself; when as I have shown there may be a diminution rather than an 
increase in the original rhythm. If we suppose, to meet the case in 
Exp. XIX, that in association with the pure inhibitory fibres in the 
medulla there are others, accelerator fibres, but much fewer in number, 
and that on stimulation as above the former finally prevail over the 
latter, if yet remains to explain why the beat did not remain weaker. I 
had hoped that this method of experimentation might throw some light 
upon the question as to whether there are fibres of a purely inhibitory 
function arising from the medulla and associated, afterwards only, with 
accelerator fibres from other sources ; but so far as these experiments are 
concerned they do not establish that view, if they do not rather negative 
it. Seeing how generally the heart may be influenced reflexly as in 
the above experiments it is rather surprising that electric stimulation of 
great sensory nerves does not more frequently cause reflex cardiac 
inhibition, for as has been already seen this is comparatively difficult to 
bring about, indeed in most cases which I have tried impossible. 
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i Anatom y of the Sympathetic egy of Nerves of the Slider Terrapin 


Before considering the aiabject of: cardise acceleration it will be wall 
to examine the anatomy of the sympathetic chain in so far as it has 
a bearing on this subject. 

The separate existence of the cervical sympathetic, running as it 
does in most cases it would seem independently of any close connection 
with the vagus, appears to be characteristic of the Chelonians. 

I have made a minute examination of the anatomy of the sympa- 
thetic in so far as it interests heart physiology, with special reference to 
variations, in the fresh-water tortoise of America, With a very few 
exceptions the Slider Terrapin upon which my experiments have been | 
made has been the species from which my 24 specimens were chosen 
for this purpose, they were in fact the animals used for the experiments 
described in this paper. Drawings were made of the sympathetic, 
showing its relations &c. in each of these cases. The sympathetic 
diverges from the vagus near the skull and divides, as pointed out by 
Martin and Moule’, into two branches. One enters the skull near 
the carotid, but through a separate foramen; the other enters the 
superior cervical ganglion. 

Proceeding from the point of this divergence downwards the sym- 
pathetic passes in close relation with the vagus, but separate sates it, 
along the course of the carotid artery. 

The following ganglia are connected with it :— 


(1) The superior cervical, a little distance Live the skull and of 
considerable size, 


(2) The middle cervical is generally placed at about the level of © 
the 5th—6th vertebrae, and marks the point at which the sympathetic 
always begins to pass outwards towards the axilla. The ganglion is _ 
of a more or less oval form, and from it 1—2 small branches may pass 
off towards the vagus, along which they run, 

(3) The inferior cervical ganglion is placed at about the level of 
7th—8th cervical vertebrae, and has very important relations. _ 

(a) It has always strong connections with the brachial plexus. 


The latter usually is made up of strong nerves coming from the 
6th-—9th vertebrae, 


1 Tow to Dissect a Chelonian, New York, 1881. 
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(6) .Itis united with the next ganglion below in a variable manner, 
mostly by a strong trunk, and it sends off several fine branches, 

(4) The 4th ganglion has also strong connections with the brachial 
plexus and generally has a well-defined branch scene towards the 
heart. | 
‘The above general — may be said to apply so far as it goes 
to all cases, 

But for the purposes of physiology the variations, some of them at 
least, are of great importance ; and merely to point out that stimulation 
_ of certain regions is followed by acceleration without further qualifica- 


tion, judging by my experience with this animal and so far as it goes 
with the sea turtle, is very misleading. 


Variations. (1) The size of the sympathetic stem as compared 
with the vagus is very variable; but in a very few specimens of an 
undetermined species of water tortoise examined by me, this difference 
was much more marked than in the Slider. It was not thicker in 
_ those specimens than a very fine silk thread, while the vagus might be 

_ compared to ordinary woollen yarn in size. 

(2) The degree to which the sympathetic is bound up with the 
vagus between the superior cervical ganglion and the middle cervical 
ganglion is exceedingly variable ; but in no case have I seen it such that 
it could not be fairly readily separated with a fine seeker. 


Sometimes however the sympathetic nuh, tees runs wholly separate 
from the vagus, 


(3) The extent of union of the middle cervical ganglion with the 
vagus is also subject to all degrees of variation. In some cases it can 
scarcely be separated without tearing. Such are rare. In many cases . 
it is wholly separate. It is also very variable in size and shape; but 
always large and well marked in every respect. | 


(4) But the most frequent important and complex variations occur 
between the inferior cervical ganglion and the next lower one. I have 
never noticed an entire absence of either of these ganglia, but they 
present every variety in shape and size, and may either of them be so 
small as to be mere swellings on the main nerve stem. Usually void 
are both of good size and with well-defined outlines. 

There is a certain degree of appropriateness in denominating the 4th 
ganglion “stellatum” in certain cases, or “fusiforme” in others, for there 
are all degrees of fusion to be noted in this region; but it seems to me 
that for the purposes of physiology at least it would be wiser to 
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denominate this 4th ganglion, ganglion cardiacum basale, as Gaskell 
and Gadow’ have proposed. 

_ Between the middle and inferior cervical ganglia often very small - 
ganglia occur. Their absence is not due to fusion; they are purely 
supernumerary. 

An Annulus Vieussenii is more frequently wanting than present. It 
may occur on one side and not on the other. When it does occur one 
portion of the loop is generally much finer than the other. 3 

The Rami communicantes from the 9th, 10th, 11th, &e. spinal nerves 
are long. 

Rami Cardiaci. (1) Occasionally 1—2 branches, always very fine, 
pass from the central or upper part of the middle cervical ganglion 
along the vagus by way of the vessels to the heart. Careful examination 
shows that they are very frequently absent, indeed it is rather the 
exception than the rule to find them. They are genuine accelerators, 

(2) A strong branch, which sometimes proves an accelerator, is 
generally given off from the gangl. card. basale. : 

The ramus communicans from the 10th spinal nerve, and the main 
sympathetic stem between the inferior cérvical ganglion and the gangl. 
card. basale, have an accelerating function under conditions to be defined 
later. 


Cardiac Acceleration. 


I. The most marked results I have ever obtained from stimulation 
of the branches from the middle cervical ganglion are indicated in my 
notes of 

April 20. Expr. XI. Medium-sized specimen, little loss of blood, medulla 
intact. Heart irregular, rhythm 8. : 

1st stimulation : 

Stimulation for 1 minute gives a rhythm of 16, 2 minutes 19, 3 minutes 20, 
all regular. 

After-rhythm (current shut off) fur 1st minute 18, 2nd 14, Srd 14, 4th 12, 
5th 8, 6th 9. 

2nd stimulation : 

lst minute rhythm reached 24, After-rhythm, Ist minute 27, 2nd 
minute 19, 

3rd stimulation, Rhythm = 11; 

lst minute's stimulation the rhythm reached 28, After- Ist minute 
21, 2nd 19, 3rd 15, 4th 10. 


1 This Journal, Vol, vy. p. 369, | 
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4th stimulation. Rhythm= 14: 

lst minute’s stimulation the eeythim reached 26. After-rhythm, lat minute 
28, 2nd 28, 3rd 14. | | 

5th stimulation. Rhythm = 20: 

lst minute’s stimulation the rhythm reached 30. : 

For the present I wish to call attention simply to the fact of the 
marked acceleration and the relation of the rate attained to the original 
rhythm. 

In many other cases by stimulation of the branches from this middle 
cervical ganglion an acceleration of a few beats only has been obtained ; 
but in all these cases the rhythm was not low at the time of uescleaution 
as in Exp. XI, but considerable. 


II. The following will illustrate the effect sometimes obtained by 


stimulation of a branch from the gangl. card. basale. 


April 15. Exp. VIII. Rhythm 23. 

Stimulation for 1’ gave a rhythm of 25; 2’, 25; 3’, 24; 4’, 24; 5’, 24. 

Shortly after stimulation the rhythm was 27. 

I have frequently noticed that the rhythm soon after stimulation was 
higher than during the stimulation, and this when it was not possible to 
suppose it due to causes acting apart from the stimulation itself, and 


- sometimes, as in the present case, when the stimulation had lasted a 


considerable time. 


III. Stimulations of the main sympathetic stem tiie above the 
lower cervical ganglion have not given results of a character sufficiently 
decisive to enable me to say whether there may not be slight acceleration 
or the reverse. There has never been any marked acceleration 
following such stimulations. I have however found that stimulation of 
the cervical sympathetic above the middle cervical ganglion produced 
opening of the eyelids, retraction of the membrana, nictitans, and dilation 
of the pupil, precisely as Gaskell and Gadow’ have observed to be the 
case in Testudo Graeca, 


IV. The effects of stimulation of the main stom eves the tiene 
cervical ganglion and the gangl. card. bas. are illustrated by the 
following experiments. 

April 13, Exe. VI. Rhythm 13—14, 

Stimulation for 1’ gives rise to a rhythm of 17. After-rhythm in 2’ is 19; 
3’, 18; 17; 7, 18; 15, 18, | 


1 Opus cit, 
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April 16. Exr. VIII. 2nd day of Exp. Heart beating feebly, 

rhythm 12. 
Stimulation for 1’ sas sheyidinn of 14; 2’, 14; 3’, 155 4’, 16; 5’, 16. 
After-action 3’ later, 17. 


The force of beat greatly increased duttig the atimulation, and this 
was most readily remarked for the auricles. 
The following experiment will illustrate the matter in a similar way. 


April 18, Exp. X. 2nd day. Heart (in pericardium) surrounded by 
abundance of fluid, but has in it very little blood. Pericardium opened. | 
Rhythm = 13, and regular. 

Stimulation of the main stem of the sympathetic for 3’; but little Je apparent 
effect. 5’ after the cessation of stimulation, rhythm = 15. 

Stimulation 10’ later was followed by a rhythm of 18, which a few minutes 
afterwards rose to 21. 


Here then was a case in which by a ies of stimulations the rhythm 
was increased from 13 to 21, though the circumstances oblige us to 
believe the surroundings of the heart must have been getting more 
and more unfavourable to its nutrition. 

The following experiment is so demonstrative that it may take the 
place of many others which might be described. | 


April 25. Exe. XIV. 2nd day. At 9.30 a.m. of this second day the 
heart seemed bloodless and had a very feeble action, the only part of the 
ventricle pulsating visibly being the right section associated with the conus 
arteriosus, Rhythm=10, Ist stimulation of sympathetic stem gives rise toa 
— during the 1st minute of 17. 

16. 
3rd 
The augmentation in the force of the contractions first seen in the auricles. 
After-rhythm 2’ later = 21. 

2nd stimulation of the accelerating branches from middle cervical ganglion 
on L. side gives a rhythm of 22 with a noticeable improvement.in the 
ventricular systole. yee 

A stimulation of a elaine branch on the opposite side seemed 
further to increase the force of the contractions. After the, lapse of 8’ the 
rhythm was 24, And 15’ later the rhythm was 30. This is again a 
clear case of good or outlasting stimulation many 
minutes. 


Here was a remarkable effect ; from a feeble rhythm, in which only a 
part of the ventricle had share, of 10 ini the minute 30 is reached, and 
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the whole-heart engaged in a fairly vigorous action, notwithstanding’ the 
fact that the usual conditions of nutrition aré continually deteriorating. 

My notes abound in instances illustrative in a more or less forcible 
manner of the same thing. — 

_ I shall not however multiply thdee illustrations further, but proceed 
to generalize, remarking beforehand that almost invariably more 
acceleration has followed stimulation of the ramus communicans 
from the 10th spinal nerve than any part of the main sympathetic stem. 

The results of my experiments as given in this paper and illustrated 

by a very much larger number not described may be thus expressed : 

(1) The parts of the sympathetic system which on stimulation give 

rise to cardiac acceleration are, (1) the main stem between the 

lower cervical ganglion and the gangl. card. basale; (2) the 

ramus communicans from the 10th spinal nerve; (3) a branch 

_ from the gangl. card. basale (sometimes), and (4) 1—2 branches 

from the middle cervical ganglion. The latter are only 
occasionally present. 

(2) Acceleration is accompanied by augmentation of the force of 

the heart beat, best seen in the auricles primarily. : 
(3) The extent of the acceleration depends on the rhythm of the 
_ heart at the moment of stimulation, and sons be said to be 
inversely as that rhythm. 
(4) A similar law applies to augmentation in the force of the heart 
beat. The feebler the cardiac action the greater the i ee 
ment. 
I have made a few experiments to determine the course of the 
accelerator fibre from the main stem towards the heart. 

- Section above the lower cervical ganglion seemed without influence, 
but section between this ganglion and the gangl. card. basale seemed to 
prevent acceleration on stimulating below the section. But the course 
of the small accelerating branches from this and contiguous parts of the 
main Sy is probably rather variable, 


Is there a depressor nerve in the Chelonians ? 


_ In.a previous communication to this Journal’ on the Sea Turtle, I 
expressed the surprise that I had found a depressor nerve, and in the 


paper published at the same time by Gaskell and Gadow* mention is 
made of a nerve the supposed homologue of the depressor of mammals, 


1 Vol. v. p. 360. | 2 This Journal, Vol. v. nos. 4, 5 and 6. 
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To put the matter to the test, ie, to ascertain whether there was a 
nerve with the usual physiological action of the depressor as known to 
us in mammals, on three occasions I took the blood-pressure in the 
largest slider terrapin I could obtain (weighing about 2 kilos.) and 
after the most careful examination I am obliged to pronounce that for 
this species of tortoise there is no physiological depressor, Every small 
nerve with the slightest resemblance to such an one as was likely to 
possess this character, including a fine nerve exactly such as I myself, 
and the writers referred to, have taken for a depressor, was examined. 
However I hope soon to be able to make further observations with regard 
to this and other subjects on large specimens of the sea turtle. 

_ It may be remembered incidentally that I found many nerves the 
stimulation of which gave a marked rise of blood-pressure. | 


A peculiar Heart phenomenon. : 

When taking the blood-pressure in one of the instances referred to 
above, the heart was stopped in consequence of vagus stimulation, but in 
a few seconds afterwards I noticed that although the heart was again in 
action the column of fluid on which the blood-pressure was expressed 
remained stationary and pulseless. On closer inspection I witnessed a 
most peculiar heart phenomenon, and one which has, so far as I am 
aware, never been described. The auricles were beating regularly ; ; the 
ventricle was not in diastole nor yet in complete systole, but in a sort 
of intermediate condition; but what was very impressive was the, rapid 
appearance and disappearance of large dark waves running across the 
ventricle transversely. These were owing doubtless to local contractions 
and dilations. 

Fearing that my blood-pressure experiment was to be spoiled I 
kneaded the ventricle a little, but to no purpose ; after lasting about 8’ 
the motion suddenly ceased and the regular action began. This was 
very different from the “Wogen und Wuhlen” long ago described by 
Schelske’. It was also different from the recently described Kronecker- 
Schmey* phenomenon, 

The latter I have seen in the dog’s heart on several occasions in 
Prof. Kronecker’s own laboratory and have twice produced myself, 
once by electricity, and onee by needle puncture. In this phenomenon 
the ventricle is in diastole; however, as in the case I am now describing, 


1 Ueber die Veriinderungen der Erregbarkeit der Nerven durch die Wiirme, 1860. 
® Die Deutsch. Medieinisch. Wochenschrift. No. 23, 1884. 
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the auricles continue to beat as usual. The phenomenon I witnessed 
in the tortoise might be described as partial ventricle systole — 
(tetanus ?) with local contractions and dilations. 

I am satisfied that it was in some way due to the saturated solution of 
sodium bicarbonate used for the blood-pressure experiment, An attempt 
was made to reproduce it by stopping the heart by vagus stimulation ; 
but in this case one auricle only was at all affected. The phenomenon 


was witnessed by two other workers in this erny- 


Trregularity of the Rhythm following prolonged ssivenlabion of the 
| Sympathetic stem. 

After observing irregularity of the rhythm frequently following 
prolonged or oft-repeated stimulations of the main stem of the sym- 
pathetic between the inferior cervical ganglion and the ganglion card. 
basale, it occurred to me that it might not be a mere coincidence but 
an actual result of the stimulation. After making a large number of 
observations I came to the conclusion that such a result is a frequent if 
not an invariable sequence under these circumstances. 

The irregularity often takes the form of a series of beats of pa 
force following each other in quick succession, succeeded by another 
series of beats slower and generally less balanced in force than the quick 
series. 

Having also in a certain number of cases seen slowing as a result of 


stimulation of this part of the sympathetic chain, the question arose as 


to whether there might not be a certain number of inhibitory fibres in 


_ the sympathetic, so that possibly it might turn out that the vagus and 


sympathetic resembled each other more than had been supposed, the 
difference being one of the relative proportion of the truly inhibitory 
and the truly accelerator fibres in each. 

I shall point out certain resemblances between ios nerves not 
hitherto defined at a later stage in the discussion. I have not proved 
this view and suggest it merely as a possibility; but of the fact of this 
irregularity there can be no doubt, in my mind. 


The results of direct stimulation of the Heart with the rapidly inter- 
rupted current. 


Upon this subject I have records of 18 experiments; but as the 
results have been wonderfully constant, a few extracts from my notes 
will suffice to make the matter clear. 
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April 13. Exe,.VI. Heart rather weak. 


(1) Electrodes placed at the junction of the great veins with the 
S. venosus; current stops that part, but the auricles and ventricle continue to 
beat. 

(2) Electrodes placed at junction of R. auricle and 8. venosus; current 
stops both of them, but the L. auricle and ventricle continue beating. 


(3) Electrodes placed on the ventricle ; ; little effect, if pore the force 
of the beat improved. 


April 22. Expr. XIII. 2nd day. (Secondary coil at 0 cm.) 
: (1) Electrodes at junction of 8, venosus and L. auricle. After 3—4 
quicker beats the whole heart quiescent, and remained so for 5” after the 
current was removed. When the beat recommenced the L. auricle did not 
contract equally with the R. for some seconds, but remained more relaxed. 
(2) Stimulation of R. auricle led to the following: 
(a) Arrest of pulsation at the point stimulated. 
(6) A peculiar rapid action of the opposite auricle. 
(3) Current applied to ventricle leads to a similar rapid action of a 
peculiar kind (fibrillar?) ; counted 42 such contractions in the minute. The 
point at which electrodes placed when the natural action recommences remains 


more dilated and of a darker color, and in systole fails to contract with the 
rest of the ventricle, — 


As the records of the experiments are very much alike I shall 
summarize what was observed in the following manner.’ 

Direct stimulation of the heart with the rapidly interrupted current 
gives rise to the following phenomena ; 


(1). The S. venosus, the heart being strong, is arrested by direct 
stimulation, which is mostly followed by arrest of the whole 
heart. If the heart be weak and its nutrition bad only a part 
of the S. venosus may be arrested. 


The auricle when directly stimulated is invariably arrested at 
the point of stimulation; as a primary effect there may be a 
peculiar rapid action of the auricle stimulated, especially when 
the electrodes are first applied ; frequently the whole auricle is 
stopped (strong current). 


At the same time the adjacent auricle and the ventricle may 
take on the peculiar rapid motion referred to, but in both cases 
this is apt to be followed by brief stoppages of both auricle and 
ventricle, and their contractions are less and less marked the 
longer the stimulus is applied. 7 


« 
ee 
x 
i? 
% 
‘ 
4 
2 
4 
+ 
4 
| 
t 


HEART OF TERRAPIN. 273 
(4) The last described behaviour is that common to the ventricle 


° when it is directly stimulated with a sufficiently strong current. 

j (5) When the current is very weak or the ventricle acting feebly 

. stimulation may be followed by no marked visible effects 
i beyond the local diastole above described. 


: (6) Stimulation of the ventricle with a strong current frequently 
gives rise to a quickened auricular rhythm; more rarely the 
peculiar contraction previously noted. 


(7) Direct stimulation is followed by an improved cardiac action. 


| How are these results to be interpreted ? ) 

The results of the above described experiments are in not a few 
respects similar to those obtained by Mc William on the eel’s heart’. 
The blue appearance around the point of stimulation which he describes, 
is, I am satisfied, due to local dilation. I have noted it follow in the 
Slider Terrapin upon mechanical as well as electrical stimulation, and it is 
the most constant of all the results. This effect was long ago noted for 
the frog by Rossbach’, who gave an excellent description of it. He 
points out that while the non-stimulated part of the ventricle contracts 
as usual, the part to which the electrodes had been applied undergo 
only a rudimentary short contraction and then at once belly out to an 
unusual degree in diastole. The diastole of this part also begins 
‘sooner and finds its completion long before the rest of the ventricle, 
and the stronger the. stimulation the longer’ all this lasts. This is 
precisely what happens in the water tortoise. 

Gaskell’ thought that in the land tortoise direct stimulation with 
weak interrupted currents had a beneficial action on cardiac rhythm, 
and in that respect was exactly comparable with the action of the — 
vagus. He thinks however the action is directly on the heart muscle 
and not through its nerves. 

Ransom‘ agrees that the effect is similar to that.following vagus 
stimulation, but would introduce’ i int he-easegof Octopus the nervous; 

structures of the heart itself as being the direct’causé’of the’arrest which 

he noted following direct Gclekin a the ventricle in this animal, 

Foster and Dew-Smith’ believed that arrest from direct stimulation 


1 This Journal, Vol. v. ‘‘ Proceedings of the Physiological Society.” 
2 “Ueber die Wirkung directer ” Pfliiger’s Arch. Ba. xxv. 183: 
3 This Journal, Vol. rv. 
+ Opus cit. 
Proc. Roy. Soc. No. 160. 1875, 
PH. VI. 
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with a weak interrupted current was to be attributed to direct inter- 
ference with rhythmical molecular changes in the cardiac muscle. It 
was not then known, however, that the snail's heart had any nervous 
supply of its own. 
Tn comparing the ventricle of Octopus with that of the tortoise it 
must be borne in mind that as Gaskell has abundantly shown for 
T. Graeca and my observations on the Slider fully confirm, the ventricle 
is not “ praepotent” as Ransom has found in Octopus, but the ventricle 
is the servitor of the rest of the heart, especially of the auricles. 
Now, while I have again and again seen the sinus venosus and the 
auricles stopped by direct stimulation, and in consequence the whole 
heart, I have never seen a strong ventricle permanently inhibited by such 
stimulation of itself. 
After a long series of the peculiar rapid contrcbinns induced by a 
strong current in a fresh ventricle pauses occur again and again. These 
look as if they might be the result of exhaustion from the exceedingly 
rapid action of the muscular fibres. However in the case of the auricles 
and sinus venosus, in the ignorance enshrouding the final processes in 
heart inhibition, it seems simpler to suppose that the pause is due to 
nervous action, which in certain cases (rapid previous action) may be 
assisted by exhaustion. That which has been hitherto referred to as the 
peculiar kind of contraction following the use of strong currents has a 
close affinity to, if it is not identical with, the ‘“‘Wogen und Wuhlen,” : 
“Herz Delirium,” and “fibrillar contraction” of different authors. I 
have witnessed all degrees of this from a genuine fibrillar contraction 
to a modification of the ordinary ventricular beat in which the systole 
and diastolic relaxation were both much shortened and somewhat 
unevenly spread over the ventricle. 
Fresh interest attaches to cardiac tetanus from the fact that Ransom 
has recently shown this to be possible, it would seem, in the heart of 
Octopus. In none of my experiments, though in each one attempting it, 
_have I succeeded in getting anything like a genuine tetanic contraction. — 
nearestapproach’ was in the case.of a heart wholly removed from 
the body of the animal and already much exhausted. 

Incidentally it is worthy of notice how muscular contraction in one 
part of the heart can originate a beat in another even when that implies 
a reversal of the ordinary rhythm ; thus, as I have shown, a single auricle, 
or even a part of one, contracting can maintain a ventricular rhythm 


in spite of the sinus venosus being stopped. Again, the auricular beat 
may be modified in rate and sometimes in sequence &e. by the 
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ventricular beat altered by direct stimulation.. But plainly great caution 
must be exercised in applying such observations to the ordinary behaviour 
of the heart i in the normal animal, 


Effects of Intracranial Stimulation on the Heart. 


Before discussing this subject I shall state the results of 10 experi- 
ments which I made with a view of ascertaining whether the vagus in 
this animal has any purely inhibitory fibres capable of being stimulated 
anywhere independently of accelerator fibres. 

Reaching the intracranial roots of the vagus, owing to the strength &e.. 
of the bony skull of the animal, is difficult, but in the majority of the 
instances attempted this difficulty was overcome by first trephining and 
then with a small bone forceps carefully picking away the cranium over 
the back part of the brain. 


May 15. Exp. XXIII. | 
~ (1) Pricking with a seeker a certain spot far back in the medulla in the 
middle line gave rise to immediate cardiac standstill. To this spot a small 


{o- 


-erystal of common salt was applied at once. After a cardiac arrest of short 


duration the rhythm rose to 30. Original rhythm, 24. 

(2) Electric stimulation with a weak rapidly interrupted current gave 
similar results. 

May 5, Exp. XIX. Roots torn off. Stimulated as they lay against 
cranium. Only 3 beats escaped during the 20’ of stimulation. Original 
rhythm 15, After rhythm 17, | 

May 17, Exe. XXV. 

(1) Mechanical and chemical stimulation as in Exp. XXIII, 

Cardiac arrest for 1’. After-rhythm 32, Original rhythm 32. 
(2) Kept up the addition of salt crystals for 1 hour, every few minutes 


working away the melting salt with normal (*75°/,) saline sol. There were no 
prolonged pauses of the heart but the rhythm fell to 27 and later to 24 and 


became irregular. 

(3) Electric stimulation with current stronger than usual was followed | 
by an after-rhythm of 27 soon falling to 24. 

May 19. Exp. XXVI. 

(1) Mechanical and chemical stimulation as before caused a stop of 5’ 
duration. Original rhythm 27, After-rhythm 30. 

(2) Kept on adding Nacl. No more pauses. Rhythm 26. 

20—2 
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May 19. Exe. XXVII. 

(1) Mechanical and chemical stimulation of medulla gave an arrest of 2’. 
After-rhythm 34, Original rhythm 36 (a forced rhythm I think). : 

(2) Later frequent ac saa of salt crystals. Rhythm 21 and very 
irregular. 

N.B. (3) Stimulation of a root from the medulla causes arrest for the 
whole period of stimulation. After-rhythm 35. This is a clear case of 
inhibition. 

May 20, Exp. XXVIII. Found a root which did not arrest the heart but 
its electric stimulation caused an acceleration from 24 to 35 beats. This 
rhythm persisted 10’ later. 

Exp. XXIX. 3 

(1) Electric stimulation of a root ‘hom medolis gave rise to the following: 

(a) Unilateral dilation of the auricle (Right as compared with sles 
(6) Diminution of the force of the heart beat. 
(c) Retardation of rhythm. 

After current shut off the difference in the auricles disappeared. The 
after-rhythm was»39, the original rhythm 36. 

(2) Stimulation with a stronger current gives rise to the phenomena 
noted in (a) (6) and (c) in a more marked manner. | 

Rhythm fell to 22. After-rhythm 38 ; 10’ afterwards the R. auricle i is 
still more dilated than the L. 

May 22. Exp, XXX. 

(1) Mechanical and chemical stimulation of the medulla slows Si Pea 
from 27 to 22, 

(2) Heart stopped by stimulation of a root from medulla at first for a 
few seconds with a very weak current ; later on a stronger current produced 
prolonged cardiac arrest. 

After action:— Rhythm 34 (original 27); 5’ later this fell to 32, 
15’ later to 24, and was very irregular. 

May 26. Expr. XXXIII. Two stimulations of intracranial roots 
caused arrest of the heart followed by slight acceleration of the rhythm 
(from 35 to 36°5). 


Summary. The results of my exponents on intrecranial stimula- 
tion may be thus stated : 

(1) | The heart may be arrested by mechanical, chemical, or weak 
electrical stimulation of a small area in the medulla oblongata. 


(2) It may also be arrested by stimulation of certain nerve fibres 
springing from the medulla, | 
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(3) The results on the rhythm following such arrest have qucred 


variable, 
~««. (4) If there be intracranial fibres which are purely depressing in 
'y their effects on the cardiac rhythm they are probably very — 
associated with others of an opposite character. 
e (5) Marked irregularity of the heart may follow intracranial 
of stimulation. 
| It will be noted that the results of stimulation of the medulla with 
it crystals of salt, or mechanically, are not of a decisive kind, except in one 
8 of the above instances. I doubt the reliability of the method, especially 


as Heidenhain’s’ results by a similar method and with a like object. 
in view were not without puzzling exceptions. He used a strong 
solution instead of the crystals, : 


Exp. XXYV. looks like a clear case in favour of fibres with a purely 
depressing function: it stands alone, however, and the lowering of the 
rhythm may have been due to other causes, operating during the hour’s 


? interval of stimulation. 
But in the case of the roots springing from the medulla (for it is 
. difficult to isolate one root and be sure that there are no fine fibres 


foreign to it associated with it), in most of the instances there was, as an 
after action of the stimulation, a decided acceleration of the rhythm. 
It will be observed that certain results of stimulation of the vagus 
stem itself (unilateral dilation of auricle in excess of its fellow &c.) were 
| markedly present in some cases of intracranial stimulation. 
I also desire to draw special attention to marked and undoubted 
) irregularity following stimulation in some of these experiments, and 
. obviously due to nervous effects caused by the stimulation. To this 
allusion will again be made. 
These experiments are to me not wholly satisfactory; while they 
do not establish the existence of purely inhibitory fibres, they do not 
disprove it, and I hope to be able to investigate this matter further. 
_ Ferd. Klug? has concluded from stimulation of certain parts of the 
brain of the frog that its vagus is devoid of accelerator fibres, but I am 
unable to see how such a conclusion follows from his experiments. 


, Untersuch. iiber den Einfluss des Nv. Vag. auf die Herzthitigkeit.” Pfliiger’s Arch. 
Bd, 
2 « Einfluss des Nerv. Vag. auf die Herzbewegung.” du Bois, Arch. 1880. 
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Independent Cardiac Rhythm. 


aus this subject I have made 10 Experiments, but, as in the case of 
direct stimulation of the heart, the results are very constant, and the 
notes of a few experiments, or selections from them, will make the 
general conditions of the subject for this animal clear. 


May 13. Exp. XXII. 2nd day. Heart fairly nourished and beating 
with moderate vigour. 


(1) Cutting open the auricles interferes with their contractions con- 
siderably. 
_ (2) After cutting away the auricles the sinus venosus beats as usual 
followed by the ventricle. 

(3) The entire ventricle when isolated beats only when mechanically 
stimulated. 


(4) The sinus venosus when fully isolated from rest of the heart 
continues to beat. 


May 14. Exp. XXIII. 2nd day. Specimen not a Slider. 

(1) The left auricle, when cut away for the greater part from the rest of 
the heart but still left attached, continues to beat in harmony with its fellow. 

(2) When cut wholly away it still beats but not in time with its fellow. 

(3) Both auricles cut away; the sinus venosus beats followed by the 
ventricle, 


(4) Ventricle, cnt away from the sinus venosus, continues to tale 
How long this pulsation lasted is not recorded in my notes, 


May 16. Exp. XXIV. 2nd day. Heart well supplied with blood. 
Rhythm 17 but irregular. 

(1) Ligature of the great veins joining the sinus venosus stops finally all 
pulsation on the extracardiac side of the ligature. 

(2) Ventricle when cut free from the rest of heart does not pulsate. 

(3) Behaviour of auricles and sinus venosus as noted in other experiments. 

May 18. Exe. XXV. 2ndday. Cardiac nutrition good. 
(1) Sinus venosus left attached to ventricle by a small shred of tissue, 


auricles cut away ; the ventricle pulsates but not after each beat of the sinus 
venosus. 


(2) Ventricle cut away does not pulsate. 

May 21, Exp, XXVIII. Heart comparatively fresh, and well supplied 
with blood. 

Animal rapidly bled from large artery by insertion of a cannula. After 
certain sections the cardiac rhythm is disturbed, the ventricle is observed 
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following the rhythm sometimes of sinus venosus and sometimes of auricle, 
ie. @ beat of the ventricle may follow upon a beat of the partly attached 
auricle, and the next following ventricular pulsation be in sequence with the 
sinus venosus. 


The ventricle when fully isolated does not pulsate, 


May 21, Exp. XXIX. Heart vigorous. 

(1) Ligature passed around the R. auricle at its base arrests it only. 

(2) The same treatment of L. auricle arrests it but the sinus venosus 
beats as before and is followed regularly by the ventricle. 

(3) <A ligature at the junction of ventricle with contiguous part of heart 
arrests the ventricle. 

(4) Neither isolated ‘auricles nor the ventricle when placed in the fluid 
around the heart beat. 


Summary. 


(1) Both auricles and ventricle may be arrested and in most 
instances permanently by tight ligatures separating them 
from the part of the heart above them. 

_ (2) The ventricle may continue to beat in sequence with the 
sinus venosus, the auricles being quiescent; or, if the latter are 
active (or one of them), will beat in sequence with them. 

(3) The auricles will beat in sequence with the sinus venosus if 
attached to it by but a small shred of tissue, and the same 
holds for the ventricle, : 

(4) The sinus venosus never fails to beat when isolated (in situ) 
from the rest of the heart. 

(5) The isolated auricles beat less frequently than the sinus 
venosus but more so than the ventricle. It is rare to find 
both with equal independent rhythmic capacity. 

(6) The isolated ventricle beats independently exceedingly rarely. 

Gaskell’ has laid down the law for the heart of the land tortoise: 

“The power of independent rhythmical contraction decreases regularly 
as we pass from the sinus to the ventricle.” It will be seen that this is 
quite true also for the water tortoise on which I have experimented, 
and in the light of recent work upon the frog’s heart would seem to be 
equally applicable to it. Gaskell® also says “the ventricle of the 
tortoise when isolated beats automatically with as great certainty as 


1 This Journal, Vol. rv. p. 46. 2 Op. cit. p. 50. 
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the isolated auricle,” and he proceeds to state inferentially that the 
frog’s ventricle requires extra assistance, in the form of chemical, 
mechanical, or electrical stimulation to make it beat rhythmically. 
That such is not necessary the more recent experiments of Langendorff" 
on the frog show. This writer states that on placing an isolated 
frog’s ventricle in a moist chamber it began to beat rhythmically and 
continued to do so for hours: Finding that I could not in my earlier | 
experiments in this direction get an independent ventricular rhythm, 
I was careful to eliminate such sources of interference as drying, 
starvation, weakened heart-muscle &c. 

It seemed to make no difference whether the isolated ventricle was 
placed in the blood of the animal, a mixture of blood and pericardial 
fluid, the latter alone, or in normal saline solution: it remained in 
all cases refractory. 

Finally, in order to be sure that the results were not owing to the 
use of hearts not quite fresh, I tried a fresh heart as soon as it could be 
prepared, and with the same result. From these experiments I should 
conclude that the ventricle has no more tendency to automatic rhythmic 
contraction in this animal than in the frog. 

I consider therefore that Gaskell’s statements (for he uses the 
term “tortoise” and not land tortoise) require restriction both for the 
Chelonians and in comparison with the frog’. 

Gaskell® has pointed out that what he denominates the “ basal ” 
portion of the auriculo-ventricular ring is the least influential part of 
the whole ring in maintaining the sequence of the rhythm. That I 
have found to hold in every case for the Slider Terrapin. 


Results of the Stimulation of the Vagus Nerve. 
1.. Preliminary Acceleration. 
Both Gaskell* and Heidenhain’® have shown that primary 


1 «* Studien tiber Rhythmik und Automatie des Froschherzens.” du Bois Reymond’s 
Arch. Supplement. Bd. 1884. 

2 It may be mentioned that I have found that raising the ventricle still attached to its great 
vessels but free from the rest of the heart, by the ligament at its apex, has proved sufficient 
to excite a few beats, and that, by producing alternate tension and relaxation in imitation 
of the working of a recording lever, I have been able to keep up a continuous rhythm. 

3 Op. cit. p. 69. 

4 “ Rhythm of the Heart of the Frog.” Phil. Trans. of Roy. Soc. Pt. mr. 1882. 

> ** Untersuchungen iiber den einfluss des N. Vag. auf die Herzthitigkeit.” Pfliiger's 
Arch. Bd, xxvn, 
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acceleration is a frequent result of the stimulation of the vagus in the — 
frog. In the land tortoise the former’ observer states that he has in no 
case seen this effect. Though I have often looked for it in the Slider 
Terrapin and tried by varying the strength of the current &c. to obtain 
it, I have seen it in only one case, but that one was very marked. 
My record of the observation is to this effect. 


May 8. Exp. XXI. Animal just prepared for experiment. Heart 
very slow (rhythm 6) and irregular in action. Stimulation of the L. vagus 
with the secondary coil at 2 cm. from the primary caused the rhythm at once 
to rise to 33. Stimulation ceasing, the rhythm was as follows for the next 
few minutes. 2’ 32, 3’ 31, 4’ 30, 5’ 32, 6’ 30, 7’ 32, 8 31. 

The rhythm remained rapid for some time after. 


2. After Acceleration. 


This is a very frequent but not quite invariable effect of vagus 
stimulation, and it is subject to certain conditions which may be briefly 
defined as follows : 

(a) The action of the heart being slow the acceleration 
is very marked, if rapid it may be very slight or wholly | 
wanting. It follows the same laws in this respect in fact 
as the accelerating sympathetic i.e. the degree of acceleration 
is inversely as the rhythm at the time of stimulation. 

One case selected from very many will suffice to illustrate this: 


April17. Exe. 1X. Rhythm 7. L, vagus stimulated. Rhythm after 
standstill; 1st minute 20, 2nd 17, 3rd-16, 4th 9, 5th 8, 12th 7. 

Soon after, stimulation of R. vagus gave an after-rhythm of 26 in the 
second minute. 


(6) The after acceleration always lasts a considerable time 
and in some cases fora very long period. In the case cited under 
(a) we have an example of what for the Slider Terrapin is a very brief 
duration of the acceleration. I often got comparatively slight effects 
from the stimulation of the accelerating sympathetic in consequence of 
a rapid rhythm set up by previous vagal stimulation. These were at 
first very puzzling till I discovered what I venture to consider one of the 
most important laws of acceleration, this law of inverse proportion, which 
is of general application to the whole subject of acceleration no matter 
by what nerve effected. 


1 This Journal, Vol. 1v. p. 82. 
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(c) The heart being feeble and its nutrition suffering, 
vagus stimulation then produces its most marked effects on 
both rate and force of beat but especially on the latter. 

I could adduce an example illustrating the truth of this still more 
striking than the one justifying the same law for the accelerating 
sympathetic. Without referring to all the details the case was sub- 
stantially this. The sinus venosus and auricles were beating slowly and 
feebly; the ventricle had ceased with the exception of a few of its 
fibres. After a series of vagal stimulations the rhythm was more than 
doubled, and, what is very striking, the ventricle, which at first 
responded to only every 2 or 8 beats of the auricles, now pul- 
sated after each beat of the auricles, Le 

Nothing could have given a more convincing proof of the truth 
stated above than this extreme case; but to a less degree it was demon- 
strated in many others. Gaskell has drawn some attention to the 
principle enunciated in (a) as applicable to the land tortoise. Not 
_ having specially studied the heart when its nutrition was low and its 
oe very imperfect he has not laid stress on what I have pointed out 


sirens’ upon the invariable relation which I have shown to exist between 
original rhythm and foree and after-effects of stimulation. 

Now this is the more important when we consider to what varying 
conditions of life (torpidity &c.) such animals are exposed, and how 
valuable to them must be the relations stated above. Moreover the 
nerves like the other tissues of the tortoise are very tenacious of life. 
I have seen the heart of an animal, after being subjected to experi- 
~ ments for two days, on the following morning (3rd day) in fair condition, 
and even the vagus nerves efficient. 

Upon wholly different grounds Gaskell’ has pronounced the vagus 
nerve the trophic nerve for such vertebrated animals as have been as 
yet examined ; and Ran som" has shown that this i is true of certain in- 
vertebrates. 

Previously this principle had been announced but the evidence for 
its truth was comparatively scanty. 

Eichorst® and Zander* had noted degenerative cardiac changes 
following section of both vagi; and Traube and others had pointed to 


1 Op. cit. 
cit. 

Die trophisch. Beziehuugen der Nerv. vag. zum Herzmuskel.” Berlin 1878. 
4 Arch. Bad. 
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isolated facts, and with fine insight read their meaning in n the dim light 
then possible; but the evidence has now so accumulated that perhaps 
this trophic vagus action may be pronounced the most important nerve — 
function for the heart known to us, 

My work shows that the sympathetic has functions which are essen- 
tially similar and subject to the same laws. 

_ We can now see in a new light the fact of the varying degrees of 
union &c. of vagus and sympathetic in different animals, The vagus is 
a sympathetic with inhibitory fibres; the sympathetic a vagus without 
these fibres, if indeed it be wholly without them, a point I have suggested 
previously-as not yet to be considered settled. 

In putting the matter thus I speak wholly from a physiological point 
of view, and with reference to that part of the sympathetic system which 
has been shown to influence the heart. | 


(d) Repeated or prolonged stimulation of the vagus some- 
times gives rise to irregulariy of the rhythm. This is a less 
frequent result of vagus stimulation than of stimulation of the accelerat- 
ing sympathetic, but I am satisfied that it sometimes occurs. 


(ec) Stimulation of the vagus removes peculiarities of 
rhythmic sequence. Of this I have already under (c) given an 
instance, but this is but one of many. The whole subject has however 
been fully treated by Gaskell, and on this point I find no differences 
for this animal. 


(f) Stimulation of the vagus gives rise to increased 
diastolic relaxation. Heidenhain* seems to have been the first 
writer to lay sufficient stress on this fact which he observed i in the heart 
of the frog. 

It invariably occurs in the animal upon which I have worked; and, 
as I have previously shown in this paper, it may give rise to | 
asymmetrical effects which in certain cases long out-last the stimula- 
tion. 

It may affect the auricles markedly in cases when the vagus (e.g. left 
one, or when the nutrition is very low) cannot arrest the rhythm of the 
whole heart or even of the auricles themselves, 


(g) The stimulation of the vagus may weaken the cardiac 
pulsations without alteration of the rate of beat. Gaskell* and 


-Heidenhain’ have noticed this in the frog as a very common occur- 


rence, 
1 Op. cit. ——-# Op. eit. 3 Op. cit. 
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I have found it rarer in the Slider Terrapin, in fact very rare; and I 
have never been able to obtain standstill by reduction of the force of the 
beat to ntl as both these observers have in the frog. In one case the 


vagus was stimulated for more than an hour without any arrest of 


the heart’s action—in fact augmentative effects as regards rate occurred. 
Gaskell’ has also failed to get standstill in the land tortoise by this 


force-reducing action of the vagus. : 
The first writer to mention this effect for the frog was Coates’ who 
in 1869 noticed that the pulses as expressed on a manometer column > 


sank, without alteration in the rhythm. 

This, and several other points more fully treated by later writers, 
were also enforced by Nuel*, whose works were fruitful in results and 
still more in suggestion. 


(hk) Standstill may be preceded by slowing and weakening 


of the heart’s action. Standstill is sometimes so instantaneous that — 


no previous effects can be noted, but whether with a sufficiently weak 
current standstill can take place without previous weakening or slowing 
I am unable to say. 


Does the vagus contain fibres the stimulation of which gives results 
always differing from those obtained by the stimulation of other fibres in 
ats stem ? 


In other words are there physiological differences in the fibres of the 
vagus independent of the kind or mode of stimulation ? 

Schmiedeberg*‘ fifteen years ago thought he had demonstrated that 
accelerating fibres were associated in the — of the frog ag 
inhibiting fibres. 

Certain later writers have opposed this view and claim a difference 
of result from vagus stimulation according as circumstances vary. 


Nuel! states that in the same animal when the experiments were long 


continued no slowing followed vagus stimulation but an acceleration. 
He speaks of the frog, but from my experiments I can understand such 
a result. | 


1 Opuscit. 

2 Ber. der Sachs. Gesellsch. d. Wissensch, 1869, p. 360. 

3 “Ueber den einfluss d, Vagus-reizung auf die Herz-contraction beim Frosche.”” 
Pyliiger’s Arch. Bd, 1x., 1874. 

4 Ber. der Sachs. Gesellsch. d, Wissench. 1870, 


5 Opus cit. 
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M. Léwit'* says that he observed in frogs on which he had already 
for some time been experimenting that a decided quickening of the 
heart’s action followed the use of a current of the same strength as had 
previously effected marked inhibition. He also notes differences obser- 


vable on very cold days. 


- Schiff? also got acceleration in winter frogs instead of inhibition. 

Bowditch*® observed that in the dog marked increase of rhythm 
effected by stimulation of the accelerators could be overcome by after 
stimulation of the vagus with a weak current, but in an equal number of 
cases this was not the case. 

Ferdinand Klug* found that, after section of the vagus and the 
lapse of sufficient time to allow of degeneration of fibres, stimulation of 
the peripheral end gave rise to acceleration but was withoMt influence of 
an inhibiting kind; he therefore argues for the existence of accelerator | 
fibres in the vagus, assuming that the inhibitors had degenerated. . 

_ Gaskell® in his paper on the frog argues against the assumption of 
a multiplicity of kinds of fibres in the vagus. | 
_ Heidenhain’, in a paper published soon after Gaskell’s, objects to 
Klug’s explanations, but proves, as he thinks, by direct experiment the 
existence of depressor and augmentor fibres in the frog’s vagus. 

Gaskell in his paper on the land tortoise still opposed the adoption of 
such a view as Heidenhain’s; and, as in his previous paper, supports 
with very elaborate arguments his theory of the interaction of complex 
nutritive processes, related to one another but exhibiting different 
phenomena according to the process prevailing at the particular time, 
all being controlled by vagus action. 

Later the same author’ has shown that in the crocodile the vagus 
contains purely inhibitory fibres, and that in the frog the intracranial . 
root of the vagus produces on stimulation purely depressing effects, while 
the main trunk has complex functions. Thus has Gaskell brought us, 
by the most conclusive demonstration yet offered, back to the view of 


1 « Beitriige zur Kentniss der Innervation des Herzens.” Pfliiger’s Arch. Bd. xxrx, 
* “Bemerkungen iiber die functionelle Thiitigkeit des Herz-vagus.” Moleschotts 
Untersuch. z. Naturlehre 1870, Bd. x., 8. 57. | 
3 ‘* Ueber die Interferenz des retard. u. beschleunig. Herznerven.” Ber. d. Kgl. Séichs. 
Geselisch. d. Wissensch. 1873. ; 
4 «« Beschleunigungsnerven des Froschherzens.” Centralblatt f. die Medicin. Wissensch. 
No, 53. 1881, : 


5 Opus cit. | Opus cit. | 
7 “On the augmentor (accelerator) nerves of cold-blooded animals.” This Journal, 
Vol. v., No. 1. 
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the existence of two kinds of fibres—pure accelerators, (now perbaps 
better termed augmentors in certain cases at least), and pure depressors, 
substantially the view maintained by Sch miedeberg fifteen years ago, 
This will lead to the shelving of many elaborate theories including the 
previous ones of Gaskell himself, which however had this great merit, 
that they kept prominently in view the fact, which is becoming con- 
stantly more clear, that the vagus is essentially the principal 
trophic nerve of the heart, though not the only one, 

The case as to kinds of fibres in the vagus cannot yet be considered 
as settled for the tortoise. My own experiments leave the matter open, 
as I have before indicated. | 
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NOTE ON THE SOUND ACCOMPANYING THE SINGLE 
CONTRACTION OF SKELETAL MUSCLE. bBy E. F. 
HERROUN, anp GERALD F. YEO, F.RCS,, of 
Physiology in King’s College, London. 


THE sound heard on auscultating a continuously contracting skeletal 
muscle is generally ascribed to certain vibrations of the active tissue of 
such periodicity as to give rise to a tone of some 36-40 waves per sec. 
The theory that the normal muscle sound might be said to have a 
relationship to a musical tone has been always urged as an important 
link in the evidence tending to prove that normal nerve impulse is 
intermittent, and that continuous voluntary contraction is composed of 
summated single contractions like the artificial tetanus produced by 
interrupted stimulations. 

Further, the fact that the heart-beat is but a single contraction is 
commonly urged against the view that the systolic sound is due to mus- 
cular tone, because it is commonly accepted that the sound produced 
by contracting skeletal muscles depends upon the regular variations of 
tension of the tetanic contraction. 

It appears from a careful examination of the literature of the subject 
that this explanation of the muscular sound is commonly accredited with 
a degree of certainty that the facts of the case do not warrant. The 
persistence of these views is the more remarkable, since they have 
been actively combated by the most trustworthy authorities, and all 
attempts to arrive with accuracy, by acoustic means, at the exact tone 
have failed, though many attempts have been made in this direction by 
the most competent persons. Wollaston’ compared the sound heard 
when the meatus was closed by the finger and the muscles of the fore-arm 
made to contract, to the rumbling of carriages over pavement, to 
which no doubt the sensations communicated by contracting muscle are 
extremely like, if the two be not identical; and he gave the limits of rate 
as varying between 14 and 36 per sec. according to the degree of force 
with which the muscle contracted. 

Erman’* compared the sound heard when the ear was stopped and 
the muscles of mastication were forcibly contracted, to the purring of a 
cat, and also thought the pitch depended on the force of contraction. 


1 Philosophical Transactions of the Royal Society. 1810, p. 1—d. 
2 Annalen der Physik v. Gilbert. Bd. 40, p.1. Leipzig, 1812. 
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Haughton’, adopting Wollaston’s simile—the rumbling of a 
vehicle—calculated the rate of vibration by measuring the paving-stones; 
and, though he could not accurately ascertain the rate of the cab or size 
of the wheels, the results he thus obtained nicely corresponded with the 
rate of vibration of an organ-pipe which seemed in tune with the muscle 
sound, and had a tone of 30 to 36 vibrations per second. 

Collongues’ found the muscle sound to vary in pitch with the most 
trivial circumstances, and compares it to the bruit de mer heard when a 
shell is placed over the ear. 

Although Helmholtz® accurately described the “brausendes Gc- 
rausch” he heard when his masticatory muscles were contracted, he since 
has clearly shown that i does not depend on a regular vibration like 
that of bodies emitting a musical tone, but that it is produced by 
the irregular trembling movement of the muscle which calls forth the 
resonant tone of the membrana tympani. He says‘, it varies with altered 
states of the membrane, and adds “so schliesse ich daraus dass das Mus- 
_kelgerdusch ein Resonanzton des Trommelfelles ist, hervorgebracht durch 
unregelmassige Erschiitterung des Muskels.” 

It seems not to be sufficiently clearly stated by authors quoting 
Helmholtz that in those experiments in which he employed elastic 
steel springs to analyse the muscle sound, he obtained responsive vibration 
of a spring vibrating 19°5 per sec. only when using electric stimulations 
at the same rate, but failed with voluntary contraction to obtain any 
responsive vibrations with steel springs, which the strongest voluntary 
contraction did not influence. | 

He describes the experiment in the following words’ : | 

“Mittels eines Apparates, der 19°5 Unterbrechungen in der See. gab, 
brachte man von den menschlichen Muskeln aus stark es Mitschwingen 
der Feder hervor wenn die Feder auf 19-5, schwiicheres auch wenn sie 
auf 39 oder aes 5, ganz schwach endlich wenn sie auf 78 in der Sec. 
eingestellt war.” 

To examine the sound produced by voluntary contraction he used the 
somewhat unsatisfactory method of a series of “zugespitzten schwingung- 
fahigen Papierstreifchen” whose period of vibration was determined by 


1 Outlines of a new Theory of Muscular Action. London, 1863. 

2 Gazette Medicale de Paris. 1860, p. 81. 

3 Verhandlungen d. naturhistorisch-med, Vereins zu Heidelberg. Bd. 1v., 8. 88—90. 
July, 1866. 

4 “Ueber den Muskelton.” Monatsberichte der Akad. d. Wissenschaften zu Berlin. 
3rd May, 1864. 8. 307—310. 

5 Aus d, Verhandlungen ad. naturhist.-medic., Vereins z. Bd. 1v., 8. 153- - 
161, Aug. 1867. 
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comparison with a suitable “abgestimmten Inductionsapparate,” from 
which he concludes that the natural muscular contraction is “zwar 
annihrend periodisch.” 

In the experiments in which the muscle of the jaw and face are 
used to produce the sound, different sensations are perceived with 
varying circumstances. If the external meatus be plugged, anything 
which transmits intermittent movement to the plug, or to the confined 
air causes vibration of the membrane of the drum and consequently pro- 
duces a sound like the muscle sound. When the muscles of the jaw and 
orbit are thrown into forced contraction, a comparatively loud sound is 
heard which lasts only about a couple of seconds and then dies away, al- 
though the masseters &c. be kept in firm tetanic contraction. This we 
consider to be caused by the temporary associated action of some of the 
muscles connected with the Eustachian tube or ear cavity; and this sound 
can be produced after a little practice by the action of these muscles alone 
if the eyes be closed, but curiously enough not when the eyes are held 
fixedly open. If the experiment be made during perfect surrounding 
stillness, a much less distinct and more even sound continues after that 
just mentioned has ceased. This we attribute to the susurrus of those 
muscles not directly connected with the ear, whose trembling motion 
sets up alterations of pressure, either in the air confined in the 
tympanum or in the closed meatus, of a sufficiently variable character 
to excite mechanically the vibration of the membrane of the drum and 
thus produce a tone. 

When the meatus is not plugged neither of us can hear this latter 
sound, though we can appreciate the former, which depends on the 
contraction of the muscles attached to the auditory mechanisms. 

The objection we have found to closing the ears is that stopping the 
meatus by any air-tight plug, not absolutely steady, gives rise to 
sufficient pressure changes to produce a tone similar to the muscle sound. 

The experiment of Wollaston of inserting a finger into one ear 
and forcibly contracting the muscles of the arm may be modified by 
using a piece of cork cut to fit the external canal of the ear. When 
this is pressed into the ear with moderate force and held against 
the wall of the room or other steady object, it is capable of producing an 
audible sound of the same pitch as the muscle tone, and due no doubt to 
slight variations in the pressure of air between the cork and the 
tympanum, which cannot be avoided as the pressure is applied by the 
effort of the muscles of the body eased: and their force is not 
absolutely steady. 

Being already convinced by previous experiments that the contraction 

PH. VI. 21 
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of the cut-out ventricles of an animal is capable of producing the same 
quality of sound as that heard by auscultation of the heart, we decided 
to apply the stethoscope to certain skeletal muscles, stimulated by 
single induction shocks, and to ascertain if any sound could be detected. 
The muscles of the fore-arm were first tried in the following manner. 
The hand being placed with the palmar aspect upwards and with 
some fixed object or heavy weight resting on the palm to prevent 
jerking, the muscles were stimulated by using a moist sponge in contact 
with the hand, a second sponge rheophore being applied with some 
pressure to the bend of the elbow beside the biceps tendon, over — 
the median nerve. The experiments were conducted in a room distant 
some 50 yards from the room in which the tuning-forks were used, the 
current being conveyed by permanently fixed wires previously used for 
telephonic experiments; by this means the sound of the forks and 
interruptors was excluded. 

The observations were made with a flexible binaural stethoscope, and 

it was found that whenever a stimulus sufficiently strong to excite 
definite muscular contraction was allowed to enter the muscle, a 
distinct sound could be heard. Through the kindness of Prof. A. 
Gamgee and Prof. Curnow we were enabled to demonstrate this 
experiment to them, and they expressed themselves as being completely 
satisfied that a sound very similar in character to the first sound of the ~ 
heart was produced with each single contraction of the muscles of 
the fore-arm. 
_ A possible objection to this experiment was thought to be that 
contraction might be produced reflexly, and thus a short tetanus or 
voluntary contraction might be added to that due to the single stimulus. 
It was found however that the same or even a stronger current might be 
applied to the fingers or to the skin of the arm by lightly touching the 
surface, without producing any reflex contraction, though this mode of 
stimulation was much more potent in exciting pain. The possibility of 
the production of reflex contraction was quite eliminated in another 
experiment described below. 

As the sound heard with single contractions agreed sansa with 
that produced by rapid voluntary contraction, we were tempted to 
examine the reasons commonly adduced in support of the view that the 
tone produced in voluntary contraction has a direct relationship to the 
number of stimuli which the muscle receives, 

Experiments were tried on the muscles of the arm stimulated as 
above described, using rates of stimulation varying from one every two 
seconds to 120 per second. The required rate of stimulation was 
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obtained by using the Leipsic clock, and for the more rapid rates a steel 
spring which, having been marked at the necessary distances along its 
length, could be set to vibrate at any selected rate up to 25 vibrations 
per second. The contact was made and broken by a platinum rod attached 
to the end of the spring, dipping in and out of mercury. The higher 
rates of stimulation were obtained by using Kénig’s tuning-forks, which 


were maintained in continuous vibration by means of electro-magnets. 


The stimulation was given from a bichromate cell of rather large 
size, and an ordinary du Bois Reymond’s induction coil. The strength 
of stimulation could be nicely regulated in the usual way by altering 
the relative distance of the primary and secondary coils, after a rougher 
regulation by altering the extent of the battery plates immersed in the 
solution. 

With the slow rates of stimulation, up to about 30 per second, the 
separate short thuds due to each single contraction could be distinctly 
heard, but these had a pitch and quality like the sound in voluntary 
contraction, and in the cases of 10, 15 and 20 per second were blended — 
with a more continuous susurrus indistinguishable from that of 
voluntary tetanus: the presence of the separate thuds however rendered 
the difference between the artificial tetanus following this slow stimu- 
lation and voluntary tetanus unmistakable and marked. , 

It is also noteworthy that with these, and even higher rates of 
stimulation, the tetanus produced was far from presenting the perfectly 
fused character obtained in voluntary contraction, and exhibited in a 
most decided manner the intermittent character of the stimulations, as 
manifested by the jerking of the hand and fingers. 

Increasing the rate of stimulation above 30 per second caused the 
production of distinct tones higher in pitch than the so-called muscle 
tone, and being either the note corresponding to the number of stimuli 


_ per second, or, in the case of the lower tones, its octave, according to the 


actual frequency of the stimulation. 

Since the susurrus accompanying the thuds is identical for 10, 15, 
20 and 25 stimuli per second, and is the same as the so-called “ muscle- 
tone,” the obvious inference is that, as it is impossible for the“ muscle-tone” 
to have any direct relationship to each of these different rates (including 
the intermediate ones), there is no evidence that it is related to any one, 
so that the 18 to 20 vibrations per second (Helmholtz) commonly said 
to be the rate in voluntary contraction have as little right to be so 
considered as the lower octave suggested by Lovén’, or as any other slow 
rate between 10 and 25. 


1 Arch. f, Anat. u. Physiol. 1881, s, 363. 
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In order to avoid the possibility of reflex contraction and at the same 
time to control the results obtained by this rough method of stimulation 
it was thought necessary to apply the stimulus to the nerve directly. 
With this object an experiment was conducted by one of us in the 
following manner. | 

A half-grown cat was thoroughly chloroformed and the hinieies of 
the thigh laid bare, the sciatic nerve was divided in order to prevent 
pain and reflex contraction during the stimulation of its peripheral 
portion. The muscles were caused to contract by stimulating the distal 
end of the cut nerve, and subsequently direct stimulation was also em- 
ployed. The stimulations were of various rates between 1 and 240 per 
second, and the results obtained were in entire accordance with those 
observed in the experiments on the muscles of the fore-arm, only they 
were, if possible, more evident and unmistakable. 

The thuds with the slow rates become less and less distinct as the 
rate of stimulation is increased in frequency, and they finally disappear ; 
the musical tone, on the other hand, which begins to be heard with 
stimuli a little above 30 per second, naturally rises in pitch, and it 
increases in definiteness and vigour as the rate increases, With the 
highest frequency we employed (240 per second) it was most distinct and 
clear. 

The conclusions to which our experiments have led us may ‘be 
summarised as follows— 

1. That a single contraction of a skeletal or heart muscle gives rise 
to motions or vibrations which evoke the resonant tone of the membrana 
tympani in the same manner as the tetanic or voluntary contraction. 

2. That the tone heard in voluntary contraction is no evidence of 
distinct or regular vibrations in the muscle, but merely of motions 
regular or irregular which produce the vibration of the membrana 
tympani. 

3. That the tone heard in voluntary contraction is therefore no 
evidence of regular discontinuity of natural nerve impulses, but simply 
depends upon trembling movements due to variations either of force or 
distribution of stimulation. | 

4. That the objection to the first heart-sound being a muscular sound 
because the systole of the heart is a single contraction is not valid, since 
the single contraction of a muscle causes motions or vibrations which 
call forth the resonant tone of the ear. 
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A DOUBLE DIFFERENTIAL RHEOTOME. By D. W. 
SAMWAYS, D.Sc. MA. (Pl. VIL) iy 

I PUBLISHED’ last year an account of some experiments I had been 
making, in conjunction with Professor L. Hermann in Ziirich, with a 
polarisable combination consisting of a metallic wire and liquid sheath, 
employed in place of a nerve, and subjected to the action of a constant 
or momentary current. The purpose of these experiments was to 
see how far the electrical phenomena which a nerve may exhibit 
depend on its form of construction and physical properties, and are 
capable of being ve on a model arranged as nearly as possible to 
resemble it. 

Not only did our phestvations confirm the view previously advanced 
by Hermann, that the electrotonic currents of nerves may most obviously 
be explained as branches of the adduced current, which spread out 
along the nerve-sheath on account of the polarisation-opposition to 
the passage of the current from sheath to core; but they led further 
to the important discovery that a wave-like electrical change, similar in 
character and rate of transmission to that which passes along a 
nerve on stimulation, is propagated along a nerve-model—such as a 
platinum wire with moist envelope—when a current is momentarily 
applied at one part. 

I was obliged to postpone several experiments I wished to perform 
(and which were necessary to make the series complete), as they 
required the employment of a rheotome with three sets of contacts, and 
no such instrument had then been devised. I have lately planned, 
and had constructed’, one which not only provides for the additional | 
set of contacts, but, by a new arrangement of parts, eliminates what, 
by practical experience, I have found to be weak ans in previous 
instruments. 


1 “Electrical actions in nerves and allied physical phenomena.” Camb. 1884, 
* The instrument was made by Mr Robson of Dean Street, Neweastle-upon-Tyne. 
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I. Description of instrument. 


"The base is square iron casting A.A’ (Plate VIL. Fig. 1), the length 


of whose side is 15°5 centimetres, and thickness 2 cms. To diminish 
its weight, and leave room for the passage of wires, it is hollowed 
out beneath to rather less than one half this thickness, which is retained 
only near the border. Supporting the base are three screw feet CCC, 
of which two are placed at the ends of the side towards which the 
instrument is pulled by the driving cord, and the third in the middle of 
the opposite side ; so that the stability of the instrument is a maximum. 

Rising from the surface of the base close to two opposite ends, 
and rigidly connected with it, are side pieces of brass DD’ (shaped 
like the supporting portion of a lathe headstock) which carry the 
moveable parts of the apparatus. Their lower central portions are 
cut away, leaving thereby a convenient space for binding screws and 
contact pieces, to be described below, A separate horizontal brass 
cylinder, of three centimetres diameter, passes through the upper 
part of each of these side pieces, where it is rigidly fixed. The outer 
ends of these cylinders lie flush with the faces of the side pieces; but 
the inner ends HE’ are made to project 1°8 cms. towards one another, 
and so provide supports for two ebonite discs HH’, which are so bushed 
and clamped upon them, that they may be rotated stiffly in either 


direction (i.e. right or left) by the hand. The discs HH’ measure 
14 cms. in diameter and ‘9 cms. in thickness, and have their peripheries 


divided into 100 equal parts hh’ by graduations marked upon them. 
A small scale, cut on an independent arm of brass, whose total length 
is equal to one division on the disc, but which is divided into 10 parts, 
yet further provides for the subdivision of each of these 100 parts 
into zyths, so that the position of each disc may be determined to 
within ;,4,,th of its complete revolution. 

Through the axes of the same horizontal cylinders which carry 
the ebonite discs, pass steel screws F'F’, pointed at their ends, which 
support the axis G of a light brass fly-wheel J, placed between and 
parallel with the discs. (I have had the fly-wheel cast with a disc 
instead of spokes, to diminish air-friction.) The centres FF” are pre- 
vented from unscrewing, except at will, by the lock-nuts f/f’ which are 
tightened upon them when once adjusted. 

Three small ebonite discs JJJ, 2°38 cms. in diameter, are mounted 
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on the same axis as the fly-wheel, one being fixed at its centre, and 
the other two at equal distances, 29 cms., from it. The fly-wheel is 
situated half way between the central and one of these side discs, 
while a small brass pulley Z occupies a corresponding position half 
way towards the other. The small discs serve to carry and insulate 
the contact brushes. The latter are built up of a number of fine 
silvered copper wires, in the manner recommended by Hermann 
for his instrument’. The brushes are fastened in small brass clamps & 
which are prolonged into rods abgut 2°5 cms. in length, and fit into holes 
pierced eccentrically through the ebonite discs, parallel to their faces, — 
and avoiding the steel shaft. The rod of a brush holder may be fixed 
in any position by a screw ) in the ebonite provided for the purpose. 

In place of the mercury troughs of Bernstein’, or the copper — 
“banks” of Hermann, the contact pieces employed consist of flat 
circular plates of metal, 1°7 cms. in diameter and 2 mm. in thickness. 
These are bisected, and the two halves mounted on ivory in close 
proximity, a narrow straight slit, also occupied with ivory, alone 
separating and insulating them from one another. Two pairs of these 
semicircular contact plates are carried by two small shelves of ebonite 
NN’ projecting one from each of the large discs HH’, while a third pair 
is fixed on an ivory column M rising from the centre of the iron base of 
the instrument to a height of 3 cms. above it, so that this fixed contact 
pair and those carried on the ebonite shelves are always at the same 
distance from the axis about which the brushes revolve. The contact 
plates supported by the projecting shelves are mounted in the manner 
described on small carriers OO’, consisting of a double cylinder of 
ivory turned ip’ one piece, and measuring 11 cms. in total length 


- by 16 cms. across the diameter of the larger, and °45 cms. across 


that of the smaller cylinder which is rather the longer of the two; 
so that these ivory carriers appear, as shewn in the diagram (O00 Fig. 1), 
T shaped in longitudinal section. They fit into corresponding depressions 
in the shelves, and project beneath them. 

The projecting portion of the contact-carrier carries a brass nut 
which suffices to fix it in any position in the shelf; while a small 


hole, drilled through the axis of the carrier, provides for the passage 


of two silk-covered wires which are connected with the contact plates. 
The free ends of these wires are led through the large ebonite discs 


1L,Hermann. Pfliger’s Archiv. Bd. 31, 602, 1883. 
2 J. Bernstein. ‘Untersuchungen iiber den im Nerven- und 
Muskelsysteme.” Heidelberg 1871. 
22—2 
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HH’ to two brass circles screwed concentrically on their back surfaces, 
and permanently connected, by springs pressing against hem, to two 
neighbourin g binding screws. | 

The ivory column Y, carrying the third pair of contact plates, 
is prolonged through the iron base, but prevented from passing too far 
by an enlargement or collar of ivory upon which it rests. A nut ¢, 
travelling on the portion of the column which projects into the 


_ space BB' hollowed out beneath the base, by drawing down the column 


tightly on this shoulder, fixes it readily in any position; while a hole 
running along the axis of the column, as in the other contact-carriers, 
allows the passage of two silk-covered wires, leading from the contact 
plates to two insulated binding screws S7. The insulation of the 


binding screws is effected by plates UU’ or tubes s't’ of ebonite let into 
the iron base. 


‘IL. Action of the instrument. 
The “double differential-rheotome” may be used for making and 


breaking contacts in 1, 2 or 3. independent circuits, and therefore for all 
the purposes of an ordinary differential-rheotome, together with those 


for which the additional pair of contacts adapts it. 


Instead of two brushes being employed for making contact in each 
circuit, a single brush is arranged to unite both contact pieces, by 
falling simultaneously upon them. This occurs most fully when the 
narrow line separating the half discs of metal forming the contact pieces, 
lies in the plane in which the brush moves; one half of the brush-wires 
then fall on the one,-and the rest on the other plate of metal, as 
the brush sweeps by. By rotating the contact-carriers so that the © 


line of separation of the contact pieces makes an angle with this plane, 


the time of simultaneous contact decreases as the angle increases, until, 
when the rotation amounts to a right angle, the brush, except for 
straggling wires, leaves the one half disc before it reaches the other and 
no contact between them results at all. Provision is made in this 


__ way for varying the length of the time of closure of a circuit. 


The presence of straggling wires in the brushes acts in no way 
injuriously except when single induction shocks are required, or when 
it is desirable to reduce the time of closure to a minimum; it may 
then be necessary to follow Bernstein in employing a small style 
and wire for making contacts. As however I have never found it — 


satisfactory—on account of the cutting action of the style upon the wire, 
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which soon diminishes the thoroughness of the contact—to fall back upon 
this method of making contact, and as moreover the time of closure may 
with the wire brushes be made very short (;:45-gp4sy Sec.), the necessity — 
searcely arises for introducing a style-and-wire contact except for 
single induction shocks. One has not therefore been provided in 
the present instrument, though it may easily be added if required. — 


For this purpose it will only be necessary to substitute for the ivory 
pillar M, a similar one on which a plate and wire instead of two plates 
are mounted and put in contact at each rheotome rotation by a brush 
and style; these latter may be carried on a common holder replacing the 
single brush in the disc of ebonite on the centre of the axis G. 


When the positions of the contact pieces are decided upon, they 
are fixed by tightening the nuts fitted beneath to their ivory carriers, _ 

The brush holders by passing eccentrically through the small ebonite 
discs, clear of the steel axis on which the latter are mounted, cause the 
brushes without further adjustment to incline at an angle of about 10 
degrees to the normal from the surface of the contact plates, and 

provide for their sweeping over them the more easily. A good 

_ contact between the brushes and the contact plates is secured by. 
the fact, that the surface plane of the latter is at right angles to 
the circle described by the former, and cuts it along a chord equal, 
or nearly equal, in length to the diameter of the contact plates; thus 
ensuring firm pressure of the brushes on the plates at least at their 
central and most important part. _ 

It is essential in Hermann’s rheotome, on account of the dis- 
torting influence of centrifugal force on the brushes which stand at 
right angles to the adjacent radii of the fly wheel on which they 
are mounted, “that one place the brushes while the rheotome is at rest 
somewhat too far inwards in relation to the banks’,” As however the 
distortion depends on the speed of rotation and the stiffness and length 
of the brushes, it is difficult to arrange the outer set of brushes so that 
they always take the banks, and are not thrown beyond them, or indeed — 
torn away from their clamps altogether. By placing the brushes nearly 

radially this trouble is completely overcome, the effect of centrifugal 
- force tending rather to ensure than prevent good contact; while so free 
are the brushes from influences promoting their distortion or destruction — 
that those which were first fixed in the instrument are still, after some 
weeks of frequent use, perfectly intact. — 


Pfliiger’s Archiv. Bd. 81, p. 603, 1883, 
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D. W. SAMWAYS. 
Both the large ebonite discs HH’ can be rotated by hand through 


a complete circle in either direction, and the time-interval between the 
closure of the three circuits in which the rheotome may be interposed, 
varied in any manner. The completeness and duration of the contacts 
is determined by inserting the contact pairs separately, or in some cases 
together, in circuit with a telephone and galvanic cell. 

The fly-wheel and brushes are spun by a continuous thread passing 
over the little pulley Z fixed on their common axis, and connecting 
it with a water- or electro-motor or with suitable clockwork apparatus ; 


the number of revolutions made per second being determined in some 


convenient manner. 


I hope shortly to publish the account of some experiments in which 
the instrument has been employed. 


EXPLANATION OF PLATE VIL. 


Fie. I. represents the Rheotome in elevation, partially in transverse 
section. | 

Fig. II. gives it as seen from above, the revolving axis and its attached 
parts having been removed. 

The figures are drawn to scale, and are one-half the actual size. 

Shading indicates insulating material (ebonite or ivory). 


AA’, Tron base. M. Ivory pillar carrying contact 
B B'. Space left beneath the bene: plates. 
when cast, to diminish weight VN’. Ebonite shelves attached ‘to 
and make room for certain the large discs HH’, into which 
| fit the contact carriers 00’. 
CCC. Three brass screw feet. 00’. Ivory carriers for the contact 
DD’. Brass side pieces to support plates pg and ay. 
the moveable parts. PQ. Binding screws connected with 
EE’. Brass cylinders, fixed in the thecontact plates pq, and placed 
side pieces DD’, beneath the arch formed by the 
FF’. Horizontal steel screw centres. _ brass side piece DD. 
G. Steel axis which revolves. XY. Binding screws connected with 
H H’. Large circular ebonite plates the contact plateswy, and placed 
or discs which turn by hand. beneath the arch formed by the 
I. Fly wheel. side piece D’D’, 
JJJ. Small ebonite discs fixed on $7. Binding screws connected with 
axis G, to carry and insulate the contact plates sé. 
the brush holders. UU’. Ebonite plates insulating the 
L. Driving “ses wheel fixed on binding screws P, Q, X, Y. 


axis G., V. Fixed brass arm and scale. 
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Brass nut by which the ivory 
column J is fixed. 

Brass circles which hold the 
ebonite discs HH’ in place. 
Metal circles employed to bush 
the ebonite discs HH’. 

Brass lock-nuts for fixing the 
screws FF’, 

Scale marks dividing the peri- 
pheries of the ebonite discs 
HH’ into 100 equal parts. 


_ Screws for fixing the brush 


carriers in the small ebonite 
discs J JJ. 

Carriers for thecontact brushes. 
Driving thread. 


pq st xy. The three pairs of contact 
plates, 


Brass circles fixed concentri- 


cally on the back of the ebo- 
nite plate H, and permanently 
connected with the contact 
plates pq. 

xy’. Circles similarly fixed on the 
plate #H’, and permanently 

connected with the contact — 
plates ay. 

?P:%,%,y, Springs joining these circles 
to their respective binding 
screws. 

Small brass nuts which tighten 
and fix the contact-carriers 00’ 
in their supporting shelves. 

st. Hollew ebonite tubes insula- 
ting the binding screws S7' 
from the iron base. 

www. The contact brushes of fine 
copper wire. 
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ON THE BLOOD OF DECAPOD CRUSTACEA. By W.D. 
HALLIBURTON, MD., BSc. (Lond.). Sharpey Physiological 
Scholar, University College, London. (Pl. VIII.) 


(From the Physiological Laboratory, University College, London.) 


I HAVE used in my experiments the blood or haemolymph of the 


more common decapod crustaceans: viz.—the common lobster (Homarus 
vulgaris), the edible crab (Carcinus maenas), the fresh water crayfish, 
(Astacus fluviatilis), and the sea crayfish (Nephrops norwegicus). Fora 
_large number of specimens of the latter animal, I haye to thank 
‘Professor Cossar Ewart; and for assistance towards the expenses 
involved in the research I am indebted to a grant from the British 
Medical Association. 

It will be convenient to divide the subject into five parts. 

Part I. The blood as a whole. | 

Part II. The phenomena of spontaneous coagulation. 

Part III. The proteids of the plasma and serum. 

Part IV. The colouring matters of the blood. 

Part V. The blood from a comparative point of view. 

Tables. 


PART L 
The Blood as a whole. 


I propose, in this section, to discuss the methods adopted in the 
research, and to indicate the chief facts that I have ascertained in 
connection with the blood, and in the subsequent sections to amplify 
particular points. i 

The blood is obtained by making cuts in the ventral region in the 


soft integuments between the abdominal segments, or in the claw. The — 
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blood gushes out very readily, and from a large lobster nearly half .a— 
pint can as a rule be obtained. 

Colour. The blood which can be seen flowing i in the ventral sinus 
just beneath the skin in this region appears in the vessel to be colour- 
less. The reddish tinge which is present in some specimens when the 
blood is drawn is so similar to the hue of surrounding parts, that it 
cannot be perceived through the transparent parts of the skin. The 
blood when first shed is either nearly colourless, or of a reddish colour 
from the presence in it of a red pigment presently to be described. It 
has also an opalescent or milky appearance from the presence of 
numerous amoeboid corpuscles. The milkiness is more marked in 
blood coming from the claw, than in that from the tail of the same 
animal. This is due to the cells being more abundant in blood from 
the formet situation. This appearance is however but momentary, for 
- coagulation begins to occur almost instantaneously. This is especially 
the case with the lobster and crayfish. In the crab coagulation is not 
so rapid, nor is the ultimate clot so firm and jelly-like; this fact is also 
noted by previous observers. 

The blood after being a few moments in contact with the oxygen of 
the atmosphere acquires an indigo-blue tinge; but the readiness with 
which this is seen varies in different specimens, The blue colour is due 
to the oxygenation of a proteid body which exists in solution in the 
blood plasma; in the reduced state it is colourless; in the oxidised 
condition it is blue. The name haemocyanin was given to it by 
Fredericq. 

The variation in the colour of the blood is owing to the admixture 
of the tint due to haemocyanin with a varying amount of a red 
colouring matter. This red pigment has been noted as occurring in the 
crab by Jolyet and Regnard’, and in the lobster by Fredericq’; 
but nothing further has until now been made out about it. I shall 
show later on that this red pigment is the same as that which exists 
largely in the exoskeleton and in the hypoderm. It has been called 
there tetronerythrin, and is one of a class of pigments known as luteins 
or lipochromes. In Astacus and the lobster, the red colour as a rule 
predominates; but in Nephrops it is present in so small an amount, 
that I at first thought it was altogether absent. 


1 Jolyetand Regnard. ‘‘ Recherches physiologiques sur la respiration des animaux 
 aquatiques.” Archives de physiologie. Tome 4. Paris, 1877, p. 600. 

2 Fredericq. “Note sur le sang de l’Homard.” des bulletins de 
royale de Belgique, 2™° série, tome xiv, No, 4. April, 1879, 
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Specific Gravity and Reaction. In a few cases in which I took the 
specific gravity of the blood by weighing, I found it to vary between 
1025 and 1030. Its reaction is always faintly alkaline. | 

Constituents. The blood contains the following classes of bodies :— 

(1) Proteids. 

(2) Salts. These resemble those of the water in which the 
animals live, being more abundant in sea water than in fresh water 
animals. The ash is also found to contain small quantities of iron and 
copper, the latter being combined with the proteid haemocyanin. 
(Fredericq.) 

(3) zatractives. Among these are tetronerythrin in variable 
amount, and fatty bodies, also in variable quantity, which I have not 
further investigated. There is a small percentage of urea, a fact which 
has been previously noted in the case of the crab by Rabuteau and 
Papillon’, and by Jolyet and Regnard’. 

The following table exhibits the average percentage proportions of 
these constituents in the blood of the four animals under investigation. 


Lobster. Crab. Crayfish®. Nephrops. 


Water 93°49 89°92 95°14 89-06 
Solids 6°51 10-08 4°86 10°94 
Proteids 3°02 6:10 2°19 4°60 
Other organic matters 55 1:54 3°57 
Salts 2°94 2°70 113 2°77 


The foregoing numbers were the averages obtained from the analyses of 
the blood of three animals in each case, except that of the nephrops in which 
six were thus examined. The proteids were estimated by precipitation with 
alcohol: the blood was allowed to drop direct into alcohol; the constituents 
of the cells as well as of the blood plasma are therefore included in the 
foregoing numbers. It is very difficult to estimate the actual dry weight of 
the cells, because coagulation occurs so rapidly, that it is impossible to obtain 


them free from the coagulable or fibrin-like substance that is formed : still by 


quick filtering, an approximate result can be arrived at, and the cells obtained 
nearly free from fibrin: this can necessarily only be done in cases when a 
large amount of blood is readily obtained. In the crab the percentage weight 
of dried cells was found to be ‘91; and in the lobster -73. 


1 Rabuteauand Papillon. Observations sur quelques liquides de l’organisme des 
Poissons, des Crustaeés, et des Cephalopodes.”” Compt, Rend., Vol. txxvu. p. 135. 
2 Jolyet and Regnard. Arch. de Physiologie. Tome rv. p. 600. 
Witting (Journal f. pract. Chemie. Bd. uxxut. p. 128) gives the 
numbers for Astacus. 
Water 90°89, Salts 1°55, Organic bodies 7°56. 
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Coagulation. I found that by receiving the blood bnadintoly when 
shed into very large quantities of neutral salts like magnesium sulphate or 
sodium chloride coagulation could be prevented ; this is in contradiction 
to what has been previously observed ; but a full discussion of this point 
will come in the section that treats of the phenomena of spontaneous 
coagulation. I shall then show that the clot is not the so-called 
plasmodium as described by Mr Geddes, but is due to the formation 
of a body, almost indistinguishable from the fibrin of vertebrate blood, 
- in which the cells are entangled, and that its formation is due to a 
ferment action upon a proteid fibrinogenous body which exists in 
the blood plasma. This ferment is derived from the amoeboid corpuscles — 
of the blood. As is the case in vertebrata, the serum, that is the fluid 
portion that remains when the clot is removed, differs from the plasma, 
by not containing the proteid fibrin factor. 


PART II. 


The Phenomena of Spontaneous Coagulation. 


This part of. the subject may be conveniently treated of, under 
the following heads :— 
The naked eye phenomena of coagulation. 
The chemical properties of the clot. 
The fibrin factors. 
The influence of neutral salts in aimee coagulation. 
The microscopical characters of the cells and coagulum. 
The preparation of fibrin ferment. 
The influence of cold on coagulation. 
Conclusions. 
Historical. 


1, The naked eye phenomena of coagulation. 

Coagulation begins almost immediately the blood is shed, and 
the coagulum that forms presents the appearance of a network of white 
fibres throughout the liquid. This soon begins to contract, and squeezes 
out drops of a perfectly clear liquid; in a few minutes more this 
liquid, as well as the liquid between the fibres first formed sets into a 
clear jelly. When the blood is collected in a tube, the portion of 
the clot which first forms, and which has entangled all the cells, contracts 
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and occupies the centre of the tube. The liquid in which this clot 
floats is at first perfectly liquid, then semi-liquid, and finally a firm 
jelly, so that the tube can be turned upside down without spilling 
any of the contents. The appearance finally produced .is that of a 
perfectly clear reddish blue or light violet jelly in the midst of which 
the first clot, composed of filmy fibres, is quite immovably fixed in 
any position in which it happens to have fallen. 

By rather rapid manipulation, the clot which first forms can be 
filtered off, and the liquid which comes through soon sets into a 
clear firm jelly. I attempted in several cases to lift the first clot 
out from the surrounding liquid with forceps, but never successfully ; it 
always breaks, and the forceps come away with only a shred of 
the material. Stirring is also inefficacious; this process seems but 
to hasten the jellying of the whole mass. The reason of this I conceive 
_ to be that the second process or jellying is in reality only a continuation 

of the first; and by the time one introduces the forceps to lift out | 
the first clot, the second process, as it may be provisionally called, | 
has already begun in the neighbourhood of the first shreddy clot. 

As just said, if the liquid from which the first clot has been removed 
by rapid filtration be allowed to stand, it soon sets into a firm jelly; this 
liquid therefore is not serum, or at least not comparable to the serum of 
vertebrate blood, which does not clot. In the course of a few hours, 
this second clot also shrinks, squeezes out and floats in a clear liquid, of 
the same colour as the first liquid. This second liquid however does not 
coagulate spontaneously ; it is in fact serum. The second clot, that is 
the clot that occurs in the liquid first squeezed out, or filtered off from 
the first network-like coagulum is, in appearance, when shrunken, like 
the fibrin which forms in the colourless exudations or lymphs of 
vertebrata: e.g. hydrocele or pericardial fluids. The difference between 
the first and second clots is one of degree only; the first. which has 
entangled the cells is more opaque and shreddy; the second contracts 
much more in proportion and is more filmy: both however possess the 
same chemical properties, and therefore both are due to the formation 
of the same material. | | 

Most of the foregoing facts have been observed and recorded before 
by Fredericq and others; my reasons for dwelling on them thus fully, 
is that I differ from the conclusions which Fredericq’ draws from 
them, He says, “ White flocks are rapidly formed that settle to the 


1 Fredericq, ‘Note sur le sang de l’Homard.” Loe, cit, 
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bottom of the vessels; by the microscope this coagulation is seen to 
occur in connection with the blood corpuscles; these shreds having 
been removed, a second coagulation occurs resembling that of fibrin, viz. 
the liquid sets into a jelly: moreover the second coagulation can be 
prevented by admixture with certain salts, the first cannot.” 

It thus appears that he regards the two coagulations as perfectly 
distinct processes; the first being the formation of a plasmodium, the 
second that of a fibrin-like substance. 

It seems to me on the contrary that the two processes are not 
distinct, but that the second is really only a continuation of the first. 
The grounds on which I make this inference are the following. They 
will be set forth at greater length in subsequent pages :— 

1. The clot first formed is not a mere plasmodium of cells, but 
contains a coagulated substance apart from the cells. 

2. The chemical properties of the first clot are identical with those | 
of the second. : 

3. The process is in reality a continuous one; it occurs first around 
the cells, and most rapidly in their neighbourhood, since they furnish 
the ferment which will presently be shown to be necessary for the 
process ; and the difficulty of removing this so-called first clot from the 
liquid shows that clotting must be proceeding in the surrounding neue 
in close connection with the first clot. 

4, The formation of both clots, not of one only, can be crebeiied by 
the admixture of certain salts, if these be used in sufficient quantity’. 

Moreover an analogous phenomenon of double coagulation may be 
sometimes observed in vertebrate blood; and here there can be no 
doubt that the process is only a single one. In blood that coagulates 
slowly, the first liquid squeezed out by the contracting fibrin is 
frequently not serum, but a portion of the blood plasma in which the 
process of clotting has not been completed. This liquid can be poured 
off, and in a few minutes it sets into a clear jelly. oo 


2. The chemical properties of the clot. 


For the investigation of these, the following method has been 
adopted. Portions of the first and of the second clots were first 


1 Krukenberg also advocates the view that the second is only a continuation of the 
first coagulation, and is not different from it. He however thinks that the process is one 
of a material being shed out from the cells merely and is not due to the formation of fibrin 
as in vertebrate blood. (Vergleichend-Physiologische Studien, 2 Reihe. Erste Abtheilung, 
pp. 124 and 138, Heidelberg, 1882.) 
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thoroughly washed with water, and then treated with the following 
reagents’ :— 

a. Hydrochloric Acid. In weak acid (-2°/,) the clot becomes swollen but 
not so markedly as is vertebrate fibrin. Strong acid dissolves it. 

b. Acetic Acid. The — of clot become swollen up, but not 
dissolved. 

c. Nitric Acid. This dissolves up the clot, forming a pee solution 
which turns orange on the addition of ammonia. 

d. Caustic Alkalies (5°/,). These rapidly break >is and dissolve the 
portions of clot, 

e. Solutions of neutral salts. In 10 and 20°/, soli of magnesium 
sulphate, sodium chloride, and potassium nitrate the clot is slightly soluble at 
40°C, This is reprecipitated by saturating the solutions with magnesium 
sulphate. It is however less soluble in these solutions than vertebrate fibrin. 

J. Lnme water and baryta water. The first clot is slightly soluble, and a 
_ precipitate not soluble in excess occurs on the addition of acetic acid to the 
solution. This is probably due to the nuclein present in the entangled 
cells, With the second clot no such precipitate occurs. 

g. Peroxide of hydrogen and tincture of guaiacum. These reagents give 
a faint blue colouration.’ 

h. Peptic digestion. Peptones and syntonin are formed. 

& Pancreatic digestion. Peptones, alkali albumin, leucin and tyrosin 
are formed. 


The clot is thus seen to possess all the chemical properties of 
vertebrate fibrin®. The only differences are :— 

a. It is not so markedly swollen by weak hydrochloric acid, as is 
fibrin. 

b. It is not so readily selchie § in weak solutions of neutral salts. 


3. The fibrin factors of crustacean blood. 


It was before mentioned that Krukenberg looks upon the 
coagulable material as something shed out from the cells. No doubt 


1 It will be seen that the results were similar for both clots in all cases except that 
under the heading f: but here the discrepancy is easily explicable. 

2 This fact has, in the case of the crayfish, been previously noted by Prof. Lankester 
in an abstract of a ‘‘Report on the Spectroscopic Examination of certain Animal 
Substances” presented to the British Association at Exeter, 1869. Journal of Anat. and 
Physiol. Vol, rv. 1870, p, 122. 

8 Witting (Journal f. pract. Chemie, Bd. uxxm1, 1858, p. 121) says that fibrin is 
present in the blood of Astacus, as a proof of which he adduces the solubility of the clot in 
potassium nitrate solution. 
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the cells furnish an important factor in its formation, but the fact that 

coagulation occurs in the liquid from which the cells are removed by 
filtration tends to show that it cannot be merely a material shed out 
from them. The similarity of the chemical properties of this body to 
fibrin naturally leads one to infer that it may be formed in a similar 
manner, namely by the solidification of a previously existing soluble 
proteid or fibrinogen, and this supposition turns out to be a true one. 
The first point in its favour is that a certain quantity of proteid 
disappears from the plasma to form the clot; this can be illustrated by 
the following experiment. 


In a specimen of lobster’s blood, the proportion of paners to total solids 
in the plasma was 1 to 2°14; in the serum of the same animal it was 1 to 
2°67. This loss of proteid was not due to the absence of cells from the serum, 
for the specimen of plasma taken contained no cells ; these had been filtered 
off with the first clot immediately the blood was shed, and the coagulation _ 
that occurred in the plasma was the so-called second coagulation. 


A second and more conclusive proof is that a proteid can be 
_ precipitated from the plasma by saturating it with magnesium sulphate 
or sodium chloride. When this is washed and redissolved by adding 
water, a solution is obtained which is not spontaneously coagulable ; but 
on adding to it a ferment prepared from the cells in the same way as — 
Schmidt prepares his from vertebrate blood, the formation of fibrin 
takes place. But before this point can be dwelt upon fully it is 
necessary to consider the action of these salts upon the blood, and upon 
the process of —— | 


4. The influence of neutral salts in preventing coagulation. 


As already stated, Fredericq asserts that what he calls the second 
coagulation, but not the first, can be prevented by mixing the blood 
with solutions of certain salts. Pouchet’ states that coagulation 
cannot be prevented in this way (ie. by solutions of neutral salts). 
Pouchet however used merely sea water to dilute the blood with, and 
it was hardly to be expected that he could hinder coagulation by this 
means. Krukenberg merely quotes Fredericq on the subject. All 

these observers agree that the liquid is free from globulins, and that 
- no precipitate occurs in the blood by saturating it with magnesium 
sulphate. 


1 Pouchet, G. “Sur le sang des crustacés.” Journal de Vanatomie et de la physio- 
logie. Vol. xvi. p. 82, 1882, 
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In both these points, these observers are mistaken; for in the first 
place coagulation can be altogether prevented by admixture with a 
sufficient quantity of certain neutral salts; and in the second place 
saturation with these salts completely precipitates all the proteid 
matter from the blood. | 

A saturated solution of magnesium sulphate is by far the most 
efficacious agent for preventing coagulation. Sodivm chloride acts 
similarly, but a larger relative amount is required. A saturated 
solution of sodium sulphate has on the contrary no such action. 

For the prevention of coagulation at least four times by volume as 
much saturated solution of magnesium sulphate solution as blood is 
required ; for instance two hundred cubic centimeters of magnesium 
sulphate solution will prevent fifty cubic centimeters of blood from 
coagulating, but not more. Coagulation is thus more difficult to prevent 
_by this means than in vertebrate blood. Coagulation is so rapid, that it 
is best to put the claw or tail under the liquid before allowing it to bleed. 
Or, the blood may be allowed to drop direct into the salt solution placed 
immediately beneath the wound. In some cases however where this 
latter method is adopted, the blood begins to clot in the passage; in 
other cases it is not so rapid as this; it is then seen as each drop falls 
into the solution that its milkiness becomes increased, that is, something 
is precipitated from the blood. This when thoroughly mixed with the 
rest of the solution redissolves, but not entirely. The cells and the 
undissolved portion of the precipitate sink to the bottom of the vessel, 
and a clear plasma mixed with the saline solution floats above. The 
sediment at the bottom consists of cells without a trace of fibrinous 
substance, and of a fine amorphous precipitate as well. The cells remain 
distinct and do not run together to form a clot. It is possible that it is 
by the precipitation or at any rate the partial precipitation of the 
fibrinogenous substance that coagulation i is prevented. 

With sodium chloride it is necessary to take even a larger quantity 
of the saturated solution. The blood immediately on being shed must 
be mixed with at least nine or ten times as much saturated solution of 
sodium chloride. Sodium chloride is not nearly so efficacious in 
precipitating the globulins of crustacean blood as is magnesium sulphate. 
It is perhaps this fact that renders the former less powerful in preventing 
spontaneous coagulation. 

Dilution of this salted blood with water causes —— to take 
place, as in salted vertebrate blood. 

. This is illustrated by the following experiments :— 
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(1) If some of the sediment, that is cells and precipitated globulin be 
taken and water added, a nearly clear solution is obtained owing to the 
re-solution of the precipitated globulin. Then almost immediately, or in the 
course of a minute a thin diaphanous coagulum is obtained throughout the 
liquid ; this on shaking runs up into a little mass of shrunken clot in which 
on microscopical examination cells and fibrin are both discernible. 

(2) Dilution of the supernatant liquid does not, except in one or two 
doubtful cases, and that after long standing, produce coagulation’. 

(3) The liquid is filtered; the cells and precipitated globulin are thus 
collected ; they are washed with saturated solution of magnesium sulphate, 
suspended in the same solution ; and then, on dilution of this, coagulation as 
in the first case immediately occurs. 


5. The microscopical characters of the cells and coagulum. 


a. When a drop of blood fresh from the animal is received on a 
glass slide, covered, and examined with the microscope, the cells are seen 
in a clear plasma. The blood cells of crustacea have been described and 
figured by Hewson’, Carus*, Wharton Jones‘, Haeckel’, Lebert 
and Robin‘®, and Geddes’. Pale cells with amoeboid movements, and ~ 
long processes are in all cases described. There are however in addition 
some which contain granules of a yellowish red colour; but these 
are not constantly present, and are most easily found in those specimens 
in which the reddish hue of the blood is most marked. 

When the drop of blood is examined as above described the cells 
at first move freely, and exhibit amoeboid movements. They soon 
become stationary and collect together into irregular clumps. They 
shoot out exceedingly long processes; these help to bind the cells 
together. This is accurately described by Mr Geddes as occurring not 
only in crustacea but in many other invertebrate groups, notably in the 


1 Dilution of the supernatant liquid together with the addition of fibrin ferment 
always produces coagulation. This point is discussed later on. 

2 Hewson. Works edited by Gulliver. Syd. Soc. 1846, p, 233. 

’ Carus, C. G. Von den dussern Lebensbedingungen der weiss- und kalt-blutigen 
Thiere. Leipzig, 1824, pp. 85—86. 

4T. Wharton Jones. ‘The blood corpuscle considered in its different phases of 
development in the animal series.” Phil. Trans. 1846, pp. 90—91. 

5 BE. Haeckel. ‘‘Ueber die Gewebe des Flusskrebses.” Miiller’s Archiv, 1857, 
p. 510. 
6 Lebert and Robin. ‘“ Kurze Notiz iiber allgemeine vergl. Anat. niederer Thiere.” 
Miiller’s Archiv, 1846, p. 121. 

7 P, Geddes. “On the Coalescence of Amoeboid Cells into Plasmodia, and on the 
so-called Coagulation of Invertebrate Fluids.” Proc. Royal Soc. Vol. xxx. 1879—80, 
p. 252. 
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echinoderms. Mr Geddes however ‘overlooked what very soon makes 
its appearance; that is an intercellular substance or fibrin-like material’. 
Both Fredericq and Krukenberg have recognised this material out- 
side the cells; both however seem to agree with Geddes in the main 
points of his plasmodium theory ; they imagine the material to be shed 
out from the cells. 

We have already seen that the clot is like fibrin in ite chernical 
properties; under the microscope it has a distinctly fibrinous appearance. 
The amount of fibrinous material increases as time goes on. The fibres 
are quite distinct from the fins cell processes; they have not such a 
well defined outline. 


6. Microscopical appearance of blood prevented from coagulating by the 
addition of magnesium sulphate. The sediment examined from such a 
specimen is found to consist of cells without processes, and quite distinct from 
one another; there is also some fine granular matter, doubtless the pre- 
cipitated globulin. 


c. Microscopical appearance of clot produced by diluting the last specimen. 
This is seen to be a mass of cells, mostly without processes, connected by 


a matrix appearing homogeneous in parts, but in other places distinctly 
fibrinous. 


d. Microscopical appearance of the clot after it has formed spontaneously. 


1 Prof. Haycraft has fallen into the same misconception as Mr Geddes regarding 
the clotting of crustacean blood. In the Proc, Royal Society, Vol. xxxv1. 1883—4, 
p. 478, he says ‘*Certainly the blood of crabs, crayfish, and lobsters clots in the way 
described by Mr Geddes, there being no intercellular formation of fibrin.” It was Prof. 
Schafer who pointed out Mr Geddes’ mistake in the case of the echinoderms, The 
material of coagulation in these animals resembles fibrin in one particular, namely in 
contracting after its formation, but in its other properties it is more nearly akin to mucin. 
(E: A. Schifer, “Preliminary notice of an investigation into the coagulation of the 
Perivisceral Fluid of the Sea Urchin. ” Proc. Royal Society. Vol. xxxiv. 1882—3, 
p- 370-—-1.) 

In connection with the plasmodium theory of Mr Patrick Geddes, it is historically 
interesting to note that a plasmodium theory was once held with regard to the coagulation 
of vertebrate blood. In the 18th century the clot was supposed to be simply a running 
together of the red corpuscles ; this view was held in Britain by Keill, Jurin, Thomas 
Morgan, John Cook, Arbuthnot, William Cowper, Martine, Langrish, 
William Northcote, and Berdoe; and on the continent by Leeuwenhoek, Boerhaave, 
Van Swieten, Haller, and Marherr. 

Petit, Quesnay, Senac, and Davies were the earliest to have an idea of a 
coagulable substance in addition to the cells, and the principle of coagulable lymph apart 
from the red corpuscles was fully recognised and taught by Hewson, Fordyce, and the 
Hunters. 


For the references to the writings of all these authors, see Hewson’s Works, edited 
by Gulliver, p. xxix. et seq. 
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i. Of the clot which first forms. This contains so many cells, bound 
together so closely that their outlines are indistinguishable in many 
places; the uniting fibrinous material can however be plainly seen 
in thinner places. 

ii, Of the clot which forms after the removal of the so-called first clot. 
This, on pressure of the cover glass, shrinks; a large amount of 
liquid is squeezed out, and a film of fibrinous appearance left. — 

iii. Of a portion of clot hardened in alcohol, stained and cut with a 
microtome. Sections show cells imbedded in a fibrinous matrix. 


6. Preparation of fibrin ferment from Crustacean blood. 


The method I have adopted for the preparation of a ferment from 
crustacean blood has been that which is known as Schmidt’s method. 

To the blood after having been shed, or to the serum, absolute alcohol 
was added in excess, and the precipitate which so formed was kept in 
contact with the alcohol for about six weeks; it was then filtered ; the 
precipitate was washed with alcohol, squeezed as dry as possible, and 
then dried in vacuo over sulphuric acid; the resulting mass had a bluish 
green tinge. It was then powdered, and watery extracts of this powder 
were found to have coagulating properties. In certain experiments 
further to be noted this watery extract was used; in certain others 
pinches of the powder itself were added to the liquid under investigation; 
_ the latter method was found to be rather more rapid in its action. 

I also had a supply of Schmidt’s fibrin ferment prepared from horse 
serum, with which to compare my crustacean ferment. 

The watery extract as above prepared could have contained no 
lecithin. If lecithin is, as Dr Wooldridge’ supposes, an agent in 
bringing about coagulation, it must be admitted that it is not the only 
one. 

In order to test the efficacy of this ferment, specimens of crustacean 
_ blood were taken which had been prevented from coagulating by 
admixture with magnesium sulphate; the subsided cells were filtered 
_ off, and the filtrate used as follows:— 


a, Dilution with distilled water produced no coagulation. | 
6, Dilution with watery extract of crustacean ferment produced i imme- 
diate coagulation. 
_ ¢. Dilution with watery extract of mammalian blood ferment produced 
immediate coagulation. 


1 Wooldridge. This Journal, Vol. rv. p. 226. 
23—2 
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d. Dilution with distilled water, and addition of the dried powder, 
prepared either from mammalian or crustacean blood, produced coagulation i in 
about five minutes. 


These experiments show that coagulation of crustacean blood can be 
brought about by a ferment, whether that ferment be eis atge from 
crustacean or from mammalian blood. 


(1) The following experiments show that the converse is also true, 
and that coagulation of mammalian fluids can be brought about by 
ferment prepared from crustacean blood, or from mammalian blood. 


Mammalian (cat’s) blood was prevented from coagulating by admixture 
with an equal amount of saturated solution of sodium sulphate. The cells 
subsided, and the supernatant salted plasma pipetted off and used as 
follows :— 

a. 5c.c. were diluted with 50c.c. distilled water; this did not begin to 
coagulate for 234 hours. 

b. 5c.c. were diluted with 50c.c. distilled water, and a pinch of the 
dried powder from lobster’s blood added. Coagulation began in 1} hours, 

c. d. @ These were specimens similarly diluted to which the dried 
powder from crab’s, crayfish’s, and horse’s blood respectively were added ; in 
times varying from 1} to 3 hours coagulation began. Coagulation in these 
cases began as a network of-fine fibres traversing the liquid and connecting 
the particles of powder together; after this the whole set into a jelly ; 
subsequently the fibrin contracted. 

- f.g. h.t. These were specimens each containing 5c.c. of salted plasma, 
40 c.c. distilled water, and 10c.c. of watery extract from the ferment powder 
of the same animals, In these coagulation occurred in from three to six 
hours. 


(2) Not only did coagulation occur much sooner in the specimens 
‘to which ferment had been added, but after the same lapse of time the 
quantity of fibrin formed was greater in the latter than in the former 
case : as instances of this the following may be taken. 


Cat’s salted plasma; 5c.c. diluted with 50.c.c. water; weight of fibrin 
formed after 48 hours = 022 grains, 

Cat’s salted plasma from the same 5c.c. diluted with 40 cc. 
_ water, and 10 c.c. water extract of dried powder from lobster’s blood. Weight 
of fibrin formed after 48 hours = -105 grains. 

In another specimen, the numbers in a similar experiment were 135 and 
‘249 grains respectively, 


(3) In other experiments comparisons were instituted between the 
efficacy of fibrin ferment prepared from mammalian, and that from 
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crustacean blood. The results showed that the two were about equal ; 

the coagulation began first sometimes in. one, sometimes in the other, 
but the difference in time rarely exceeded half an hour. The quantity 
of fibrin formed in the two cases, using equal weights of the ferments, 
was also approximately equal. As instances of this the following 
experiments may be quoted. 


Salted plasma taken in equal quantities; and equal amounts of fibrin 
ferment, so far as could be told by weighing the dried powder, added : 
The weight of fibrin which formed was found in one experiment to be :— 


grains 
In the case of ferment from lobster’s blood -407. 
In another conducted : 
In the case of ferment from crayfish blood 1-622. 
” ” ” » horse’s ,, 1736. 


(4) In other experiments hydrocele fluid was employed: the results 
will be seen best by giving as an illustration the following experiment: 


a. 10c.c, of hydrocele fluid were taken, allowed to stand. No coagulation 
took place. 
Bb. 10c.c. of hydrocele fluid; a few drops of serum from rabbit’s blood 
were added. This was allowed to stand over night at the ordinary tempera- 
ture of the air; next morning it had set into a jelly. 

ce. 10c.c. of hydrocele fluid; Schmidt's ferment (in powder) was added, 
prepared from horse’s blood. Next morning it had set into a jelly. 

d. 10c.c. of hydrocele fluid; the ferment (in powder) prepared from 
crayfish blood was added. Next morning it had set into a jelly. 


(5) So far the experiments quoted have been performed with 
either blood or plasma, or with a similar liquid. Now we come to those 
performed with the assumed proteid precursor of fibrin in these liquids, 
the fibrinogen. 

Fibrinogen is prepared from hydrocele fluid in the usual way’, by 
half saturating with sodium chloride; the precipitate so produced is 
washed, and then redissolved by adding distilled water. Thus a solution 
_ of ordinary vertebrate fibrinogen is obtained. 

A similar proteid is obtained from the blood plasma of crustacea by 
saturating it either with magnesium sulphate or sodium chloride, and 
having the mixture shaken for three hours; the precipitate so obtained 


1 Hammarsten.. ‘Ueber das Fibrinogen.” Pfliiger’s Archiv, Vol. xix. 1879, 
p- 563 et seq. 


: 
a 
¥ 
BS 
- 49 
7 


314 W. D. HALLIBURTON. 


is washed, and then redissolved by adding water ; the salt adhering to 
the precipitate enables it to dissolve, and a somewhat opalescent — 
solution of ‘a proteid substance obtained. This we will call crustacean 
fibrinogen. 

In this way, we obtain two solutions; one of fibrinogen, one of 
crustacean fibrinogen: to each of these is added the ferment powder 


or a watery extract of the powder, and this both in the case of 


crustacean and mammalian blood; and in all cases, after a few hours 
at the ordinary temperature, a well marked clot of the ordinary fibrinous 
appearance occurs, and then shrinks as usual. 

The result of all these experiments is to show most conclusively, 
that the white cells occurring in the two groups crustacea and vertebrata 
have this property in common ; namely that they each furnish a ferment 
which brings about coagulation in a coagulable fluid (ie. a fluid 
containing a fibrinogen), whether that fluid be obtained from either one 
or.the other class of. animals. | 

I have not found that extracting the clot of crustacean blood with 
8°/, solution of common salt, according to Gamgee’s’ method, has 
yielded any active ferment. 


7. The influence of cold on coagulation, 


Another point remains to be discussed in connection with the 
spontaneous coagulation of crustacean blood, and that is the influence of 
cold upon the process. It is well known that cold hinders or prevents 
the coagulation of vertebrate blood. The question naturally arises, does 
this hold also with crustacean blood? Previous observers make no 
reference at all to this point. 

I have found that cold has the same effect on crustacean as on 
vertebrate blood. 

The first method I adopted was that described by Professor Gamgee 
in his Physiological Chemistry’. 

A small platinum basin was immersed in a mixture on ice and salt ; 
the blood from a crayfish was allowed to flow into it, when it instantly 
congealed. Placing the vessel on the palm of the hand thawed the 
blood, which was then perfectly liquid: it was frozen and thawed in 
this way several times; and after this was allowed to stand at the 


1 A. Gamgee, “Some old and new experiments on the Fibrin Ferment.” Journal 
of Physiology. 1879, Vol, 1. 
2 p. 30. 
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temperature of the air; in about 10 minutes it had set into a firm jelly. 
A specimen of the same blood not treated in this way, set into a jelly 
in two minutes. 

But it is not necessary to freeze the blood to prevent coagulation. 
If the blood be kept ‘at the temperature of melting ice, it remains 
liquid. In this way, I kept one specimen of crayfish blood liquid for 
an hour. After this time on removal from the cold it coagulated as 
usual, only more slowly, the jelly not being firm for some 20 minutes. 
The apparatus I used in this experiment was on a small scale — 
to that described and figured by Dr Burdon Sanderson’. 


8. Conchisione. 


The spontaneous coagulation of crustacean blood is thus similar in 
nearly all respects to that of vertebrate blood, the following being the 
various points of resemblance. 

Tt does not occur in the living vessels. 

It takes place after the blood is shed. 

It can be prevented by the admixture with the blood of certain 
proportions of neutral salts. 

It can be hindered by cold. 

The clot consists of fibrin which entangles the blood cells. 

The formation of this fibrin is due to a solidification of a proteid of 
the globulin class or fibrinogen which exists: in solution in the blood 
plasma. 

This is due to a ferment action. 

This ferment is yielded by the amoeboid corpuscles of the blood. 


9. Historical. 


“all the writers on crustacean blood describe the fact of seiiitien. 
Hewson’ (1770), the earliest writer on the subject, does not discuss the 
point whether fibrin is formed, but seems to take it for granted that 
coagulation is essentially the same in both vertebrate and invertebrate 
animals. Carus* (1824) describes the clot as glutinous. Carpenter’ 
(1843) distinctly states that fibrin is formed in invertebrate animals. — 
Wharton Jones (1846) leaves the question open: he says* “The clot 


1 Handbook of the Physiological saberetery, p. 168. 

2 Loe. cit. 

8’ Carpenter, W.B. ‘‘On the origin and functions of cells,” British and Foreign 
Med. Review. Vol. xv. 1843, p. 273. 

* Wharton Jones, loc, cit. p. 89, 
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in the crab consists mostly of the aggregated cells, there being but little 
spontaneously coagulable material;” and again’, “The same kind of 
thing occurs in the corpuscles of the lobster, but a more perfect clot is 
obtained than in the crab.” Haeckel? (1857) writes, “There is a large 
quantity of fibrin or fibrinogen (?).” Witting® (1858) gives distinct 
proofs that fibrin is formed. Later came Geddes’, Fredericq’, 
Haycraft® and Krukenberg’, who all say that fibrin is not formed; 
the opinions of these observers have been already quoted, and com- 
mented upon ; to the list must be added Pouchet?® who also supports 
Geddes’ view of a plasmodium-coagulum. 


PART IIL 
The Proteids of the Blood Plasma and Serum. 


The proteids of the blood plasma are two in number, viz. haemo- 
cyanin, and fibrinogen. The blood serum contains only the former of 
these, haemocyanin. 


1. Haemocyanin. 


This is the only proteid which has hitherto been described in the 
blood of these animals. It is an interesting body occurring pretty 
_ widely distributed in various classes of the invertebrata. The properties 
that have been hitherto ascribed to it are as follows -—— 

a. It gives the ordinary proteid reactions. 

b. It coagulates by heat at about 68° C. 

c. It exists in two conditions analogous to those of haemoglobin ; 
viz. oxyhaemocyanin and reduced haemocyanin; the former having a blue 
colour, the latter being colourless. 

d. On _ spectroscopic examination, oxyhaemocyanin shows no 
absorption bands. 

e. It always contains a small quantity of copper, which seems to 
take the place of the iron of haemoglobin. 

A good many different observers described the blue colour of, and the 
presence of copper in the blood of various animals, but it was not until 


1 Wharton Jones, loc. cit. p. 91. 

* Haeckel, E, ‘Ueber die Gewebe des Flusskrebses.” Miiller’s Archiv, 1857, 
p. 510. : 

3 Loe, cit, 
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after Fredericq’ made his observations on the blood of the Octopus, 
and proved the existence of this body to which he gave the name of 
haemocyanin, that it was possible to draw comparisons between the 
bloods of these various animals. 

The blue colour of the blood of certain snails (Helix) is noted by 
Erman’ (1817); in Astacus as well as Helix by Carus’ (1824); in Loligo, 
Eledone, Sepia, Cancer pagurus, and Helix pomatia by Harless® (1847); 
this observer also showed that the blue colouration was the effect of 
exposure to the atmosphere; and he showed also the presence of copper 
in the blood; he also found a trace of iron inthe blood. Genth* (1852) 
showed that the blood of Limulus assumed in a similar way a blue tint 
on exposure to the air, and that it contained copper, and a small amount 
of iron. Rabuteau and Papillon’ (1873) showed that in the crab 
and Octopus similar colour changes occurred. In 1874 Gorup-Besanez® 
added Acanthias and Unio to the above list of animals containing copper. 

Jolyet and Regnard’ (1877) were the first to advance the opinion 
that the blue colour was united to. a proteid; this was fully worked out 
by Fredericq’ in the following year (1878). Since then our knowledge 
concerning the distribution of haemocyanin has been added to by 
Fredericq himself, by Ray Lankester, and by Krukenberg in 
numerous papers. A full list of all the animals in which it occurs will 
be given in the appendix to this paper. 

My own observations on haemocyanin have resulted chiedly in 
confirming those of Fredericq; one or two new points will however be 
noted. My experiments will come under four headings :— 


1. Temperature of heat coagulation. 
2. Action of neutral salts. 

3. Effect of dialysis. 

4. Spectroscopic observations. 


1 Fredericq. ‘Sur l’organisation et la physiologie du poulpe.” Extrait des Bulle- 
tins de V Académie Royale de Belgique. 2™° Série. T. xuv1. No. 11, 1878. 

2 Erman, Carus, loc, cit. 

8% Harless. ‘‘ Ueber das blaue Blut einiger wirbellosen Thiere, und dessen Kup- 

fergehalt.” Miiller’s Archiv, 1847, p. 48 et seq. 

4Genth, F. ‘‘Ueber die Aschenbestandtheile des Blutes von Limulus a id 
Annalen der Chemie und Pharmacie. Band uxxxt. 1852, Heidelberg. .... 

5 Rabuteau and Papillon, loc. cit. 

6 Gorup-Besanez. Lehrbuch der Physiologischen Chemie. Braunschweig, 1874, 
The blood of Unio does not however contain haemocyanin. 

7 Jolyet et Regnard, loc. cit. 

8 Fredericg, loc. cit. 
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1. Temperature of Heat coagulation. For determining this I have 
employed Prof. Schafer’s apparatus (described by me in this Journal, 
Vol. V. p. 154). Rendering the serum faintly acid, I found the tempera- 
ture of. coagulation to be 65°—66°, opalescence occurring at 57°—8° C. 
This is a degree or two lower than that found by Fredericq’, who 
_ places it at 68°C. This is an unimportant difference, and is to be 
accounted for, either by the addition of acid in my experiments, or by 
the fact that haemocyanin of the crustacea and cephalopoda differ in . 
this respect. I obtained similar results in all four animals that I 
examined. The whole of the proteid in the serum comes down at this 
temperature, but slowly. In some cases it takes as long as three hours 
for all the proteid to fall at this temperature. It is a white flocculent — 
precipitate possessing all the properties of coagulated proteid; the first 
portions precipitated carry down with them the red pigment of the 
serum. Krukenberg? finds by fractional heat coagulation that he can 
apparently separate the serum-proteid into two, the first coagulation 
occurring at 68’—70°, the second at 72°—5°. He imagines that the first 
of these consists of oxyhaemocyanin, and the second of reduced haemo- 
cyanin or as he calls it haemocyanogen®, the reduction being brought 
about by heating. I do not agree with him here; for the serum retains 
_ its blue tinge, even till the last portions of proteid fall down. I should 
explain his results in one of two ways: either he did not render the 
serum faintly acid before beginning his experiment; then the precipi- 
tation of the first portions of proteid rendered the liquid more alkaline 
than before, and the increased alkalinity of the liquid raised the 
temperature of coagulation of the proteid remaining in solution; or 
secondly, he may not have waited long enough at the lower of the two 
temperatures for all the proteid to come down, for as above said the 
precipitation is exceedingly slow. 


1 Fredericq. “Sur l’hémocyanine, substance nouvelle du sang de Poulpe (Octopus 
vulgaris).” Compt. Rend. Vol. uxxxvi. p. 996. 

2 Krukenberg. ‘Zur vergleich. Physiologie der Lymphe, der Hydro- und Himo- 
lymphe.” Vergl. phys. Studien, 2 Reihe. 18” Abtheilung, pp. 104—6. Heidelberg, 1882. 
- % Haemocyanogen seems to be an objectionable word, as one is apt to confuse with it the 
Cyanogen compounds of haemoglobin with which it has nothing to do. In the German 
language however this same objection does not hold, the German for cyanogen (CN) 
being Cyan. Krukenberg suggests the word (Vergl. phys. Beitrige zur Kenntniss des 
ge bei wirbellosen Thieren. Vergleichend-physiol. Studien. 15” Reihe, 
Bte ‘Abth. p. 87) as being analogous to Haemochromogen, and Haemerythrogen (the 
reduced baa or chromogen of a colouring matter found in the blood of certain 
Gephyrean worms, which he calls Haemerythrin). I have however retained Fredericq’s 
words haemocyanin and oxyhaemocyanin, 
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2. Action of neutral salts on Haemocyanin. It has been above ~ 
stated that both Fredericq and Krukenberg assert that addition of 
or saturation with magnesium sulphate or sodium chloride produces no 
precipitate. These seem to be the only two observers who have tried 
the experiment. In this point I disagree with them. Just as precipi- 
tation by heat is slow, so is also precipitation by salts; to effect complete 
saturation with either of the above-mentioned salts, the serum must be 
shaken on an engine, for 12, 24 and in some experiments 36 hours, with 
the finely powdered salt. The ‘precipitate can be then collected on a 
filter, washed with saturated solution of the salt and dissolved by the 
addition of distilled water; the presence of salt adhering to the 
precipitate enables the water to dissolve the precipitated proteid. In 
this way magnesium sulphate effects complete precipitation of haemo- 
cyanin; sodium chloride only incomplete precipitation. In this haemo- 
cyanin is seen to resemble serum globulin. These however are slow 
methods of precipitating haemocyanin; it can be completely and rapidly 
precipitated, by saturation with the double sulphate of soda and 
magnesia’; it can then by re-solution and reprecipitation be obtained in 
a pure state. The solution of pure haemocyanin in weak sodio- 
magnesic sulphate solution is found to coagulate at 65°C., and to. 
undergo the same colour changes as noted in the serum. 

Addition of crustacean fibrin ferment to such a solution produces no 
formation of crustacean fibrin. 

Sodium sulphate acts in a peculiar manner; it produces, when added 
to saturation to serum and shaken for a long time, a small amount 
of a peculiar flocculent precipitate, which does not redissolve on the 
addition of water, and which possesses the characters of coagulated 
proteid. 

Fredericq has shown that the addition of hydrochloric acid to 
haemocyanin splits up that body into two products: one of these is a 
coagulated proteid containing no copper, and the other a colourless 
solution of a body containing copper. He therefore concludes that 
haemocyanin consists of two bodies united together, one a proteid, and 
the other a body containing copper. He compares this to the case of 
haemoglobin, which can be split up into two bodies; one, globin, a 
proteid of the globulin class, and the other, haematin, a colouring matter 
containing iron. 


Magnesic sulphate, magnesio-sodium sulphate, and sodium chloride 


1 Halliburton. “Proteids of Serum.” This Journal, Vol. v. p. 181. 
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do not however effect such a separation, but precipitate the haemo- 
cyanin in an unaltered condition. 

In pure haemocyanin Fredericq describes copper as occurring, but 
not iron as well. In this I can confirm his observation. The iron 
which has been described as occurring in the blood by Gorup-Besanez 
and Harless is doubtless contained in the cells, not in the plasma; that 
such is the case was shown by Graham, who analysed the cells of 
crustacea for Wharton Jones’. 

3. Effect of dialysis. After dialysing out the salts from a solution 
of haemocyanin, it is found that in three or four days the latter body 
is precipitated. I have not however been able to obtain complete 
precipitation in this way. 

This observation shows conclusively that haemocyanin is a globulin. 

As a further test, specimens of the serum were diluted fifteen or 
twenty times with water, and a stream of carbonic acid gas passed — 
through them; this produced a slight precipitate of proteid matter. 
Weak acetic acid added to the serum, whether diluted with water or not 
but more easily in the former case, also causes an incomplete precipita- 
tion of the haemocyanin ; strong acetic acid completely precipitates it 
in a coagulated form. : 

We see from these observations that haemocyanin resembles serum 
globulin in certain points, viz. : 

a. It is completely precipitable in an uncoagulated condition 
from its solutions, by saturation with magnesium sulphate, or sodio- 
magnesic sulphate. 

b. It is incompletely precipitable from its solutions by saturation 
with sodium chloride, or by dialysis. 

c. It is incompletely precipitated from its solutions when much 
diluted by a stream of carbonic acid, or by the addition of acetic acid. 

It differs from serum globulin in certain other points, viz. : 

a. It contains copper; serum globulin does not. 

b. It coagulates at 68°C.; serum globulin coagulates at 75°C. 

c. It is more difficult $0 precipitate from its solutions than is 
serum globulin by saturation with salts. 

d. It is completely precipitated and coagulated by strong acetic 
acid. 

4. Spectroscopic sidasouhinne: In contact with the air, the | 
of haemocyanin is blue; by a stream of carbonic acid, carbonic 


1 Wharton Jones, loc. cit. p. 105. 
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oxide, sulphuretted hydrogen, by the addition of reducing agents 
like ammonium sulphide, or by the action of a vacuum, it is 
rendered colourless ; in all these cases it again becomes blue by shaking 
with the air, or by the passage of a stream of oxygen through it. These 
observations, with the exception of that relating to the action of carbonic 
oxide, were made by Fredericq. 

Fredericq’, Rabuteau and Papillon’, and MacMunn’® agree 
that on spectroscopic examination of oxy-haemocyanin no bands are 
seen. Krukenberg* however describes a faint band in the region of 
the D line in addition to a cutting off of a certain amount of both ends 
of the spectrum. I have. not been able to see with the microspectro-— 
scope any such line in the haemocyanin of crustacea; but the cutting 
off of the ends of the spectrum is well seen, the amount varying with 
the strength of the solution. Specimens of reduced haemocyanin show 
no such cutting off of the ends. 

This is shown in the figures 1 and 2, Plate VIIL 


2. Crustacean Fibrinogen. 


The blood serum contains a smaller percentage of proteids than the 
blood plasma does. A certain amount has therefore gone to form 
- erustacean fibrin. It is not haemocyanin which has thus disappeared ; 
first, because addition of fibrin ferment to haemocyanin produces no 

fibrin ; and secondly, because the fibrin formed contains no copper. 
3 If blood be prevented from coagulating by mixing it with magnesium 
sulphate solution, the cells can be filtered off; and addition of fibrin 
ferment to the supernatant liquid causes the formation of fibrin. The 
supernatant liquid or salted plasma therefore contains the proteid 
precursor of fibrin. 

The methods of investigation of this body which I have adopted 
are three, viz. : 

1. Heat coagulation. 
2. Action of neutral salts. 
3. Ferment coagulation (already described). 

1. Heat coagulation. All the proteid in the salted plasma coagu- 
- lates as in the serum at 65°—66°C. ; and as in the serum it comes down 


1 Loe. cit. Loe. et. 
3 Dr MacMunn kindly wrote to me to say he had found no bands in haemocyanin. 
4Krukenberg. “ Zur Kenntniss des Himocyanins.” Vergl. phys. Studien, 2% Reihe, 
1ste Abth, 
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at that temperature slowly. Crustacean fibrinogen therefore coagulates 
at the same temperature as haemocyanin ; it is therefore impossible to — 
separate it from haemocyanin by this method. 

2. Action of neutral salts. 

a. Sodio-magnesic sulphate. This salt rapidly and completely 
precipitates all the ptoteids in the plasma; this precipitate can be 
washed and then redissolved by the addition of water; subsequent — 
addition of fibrin ferment to this solution causes the formation of 
crustacean fibrin. This precipitate of proteid therefore contains the 
precursor of fibrin, but it is impossible to obtain it separate from 
haemocyanin by this method. 

b. Magnesium sulphate. This salt slowly but completely precipi- 
tates all the proteids in the plasma. The precipitate which falls first 
however contains all the crustacean fibrinogen; if the precipitate be 
collected after the plasma and salt have been shaken together for three 
hours, washed and redissolved, addition of fibrin ferment to it causes 
fibrin to be formed. It therefore contains crustacean fibrinogen; it 
however also contains some amount of haemocyanin, as is seen by its 
faint blue tinge. After three hours’ shaking in this way, as a rule all 
the proteid that remains in solution is haemocyanin, addition of fibrin 
ferment to it causing no coagulation. It is only an imperfect separa- 
tion of crustacean fibrinogen from haemocyanin that can be brought 
about by the action of magnesium sulphate. 

c. Sodium Chloride. For the study of this salt on the proteids it 
is best to receive the blood directly on being shed into saturated 
solution of sodium chloride; the cells and a certain amount of proteid 
precipitate which forms can then be filtered off, and the filtrate is 
sodium chloride plasma. 

If crystals of sodium chloride be added to such sodium chloride 
plasma and the mixture shaken for five or six hours, a precipitate of 
uncoagulated proteid is obtained; this can be washed with saturated 
solution of sodium chloride. If washed for a short time, and then water 
be added, the resulting solution contains haemocyanin in addition to 
crustacean fibrinogen; but if it be washed for a very long time, six or 
seven days, the whole of the haemocyanin is washed away, haemocyanin 
being slightly soluble in saturated solution of sodium chloride. The 
precipitate left on the filter is small in proportion to what was first 
there ; it can be redissolved by adding water; the resulting solution 
contains crustacean fibrinogen, as is seen by the formation of fibrin on 
the addition of fibrin ferment, it coagulates at 64°—5°, and it contains 
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no haemocyanin, as is seen by the fact that the solution i is colourless, ot 
‘blue, and contains nocopper. 

In this way then a complete separation of the two proteids can be 
brought about. 

Like haemocyanin, crustacean fibrinogen can be precipitated by 
dialysing out the salts from it. It therefore is a proteid of the snare 
class. 

Crustacean fibrinogen 1 is thus seen to resemble vertebrate fibrinogen 
in certain points, viz. : 

a. It is a proteid of the globulin class. 
6. It forms fibrin on the addition of fibrin ferment, “prepared 
either from vertebrate or crustacean blood. 

ce. It is completely precipitated by saturation with magnesium 
sulphate, magnesio-sodic-sulphate, or sodium chloride. 

It differs from vertebrate fibrinogen in certain other points : 

a. It coagulates at 65°C., vertebrate fibrinogen at 56°C. | 

b. It is not precipitated by sodium chloride completely unless its 
solution be saturated with that salt; whereas vertebrate fibrinogen is 
completely precipitated by half saturation with sodium chloride. 


PART IV. 


Colouring Matters of the Blood. 


These are two in number: 

1. The blue colour associated with the proteid haemocyanin. 
2. Ared pigment, tetronerythrin. 

1, Haemocyanin has already been treated of in the preceding part 
of this paper. The blue colour is due to the combination of oxygen with 
- haemocyanin; in the reduced state it is colourless. This has been 
shown by Fredericq to occur not only in experiments with haemo- 
cyanin outside the body, but also in the body itself: the blood going 
to the gills being colourless, and that leaving them having a blue 
colour. 

There can be no doubt that haemocyanin plays a part analogous to 
that of haemoglobin in vertebrate animals: that is, it is the oxygen 
carrier. It is not however located as haemoglobin in vertebrates is, in 
special corpuscles, but exists in solution in the blood plasma, as 
haemoglobin does in the blood of many worms. 
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I am not aware that haemocyanin has ever been obtained in a 
crystalline form. 

2. Tetronerythrin, the red pigment. 

The presence of a red pigment in crustacean blood as well as a blue 
one, in varying proportions, accounts for the discrepancy between various 
observers as to the colour of the blood; it having been described as 
blue, violet, and red. All these colours are seen in different specimens, 
the difference being due to the fact that the red pigment is present in 
abundance in some specimens, and absent or nearly so in others. That 
a red pigtaent exists apart from the blue was first shown by Jolyet and 
Regnard’ in crab’s blood in 1877, and by Fredericq’ in the lobster’s in 
1879, These observers also showed that this red pigment is soluble in 
alcohol, and that it is not a proteid. Pouchet, writing as late as 1882 
however, was still in a state of confusion as to these colours, and judging 
from the variety of colour exhibited by different animals of the same 
species, concluded that the two pigments had close affinities, and 
probably performed the same functions; while the fact is that haemocya- 
nin is always present in about the same proportions, but its blue tinge 
is often concealed by the red colour of the tetronerythrin when that body 
is present in abundance; tetronerythrin never replaces haemocyanin, 
and probably the two bodies have totally different functions. 

In the identification of this pigment, and especially in spectroscopic — 
observations upon it, I have received much help and valuable sugges- 
tions from Dr MacMunn of Wolverhampton. He has been good enough 
to send me specimens of tetronerythrin which he prepared from other 
sources, and with which I have therefore been enabled to compare this 
red pigment. 

It will be convenient to discuss this subject under the following 
heads :— 

1. Mode of preparation. 

2. Chemical properties. 

3. . Spectroscopic observations. 

4. Its occurrence in other parts of the animal, and its probable 
functions. 

1. Mode of preparation. This is exceedingly simple; the blood is 
extracted with alcohol; this reagent coagulates the proteid matter 
which is filtered off, and dissolves the red pigment which is contained 
in the filtrate. This is evaporated down, and when nearly all the 


1 Loe. cit. 2 Loe. cit. 
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alcohol has been driven off, the red body separates out in red flakes of 
non-crystalline amorphous structure, which can be collected or dried or 
redissolved in alcohol, ether or other reagents shortly to be mentioned. 
Or the blood may be extracted in the first instance with ether; ether 
however does not so readily precipitate the proteids as alcohol does. 

2. Chemical properties. The red pigment is soluble as just said in 
alcohol, and in ether; this suggests that it is a pigment associated with 
a fatty body, or may be itself a coloured fat; the name given to these 
bodies is that of lutein, or, better, lipochrome (Krukenberg). 

That this supposition is correct is shown by the meres confirma- 
tory tests. 


a. It is soluble in Pg Tae ether, benzol, chloroform, turpentine, enrbons 
bisulphide, and to a’slight extent in olive oil. | 

The colour of these different solutions were slightly varying shades of 
orange yellow, with the exception of those in chloroform and carbon bisulphide, 
which were pink. | 

6. Colour reactions'; these were tried with the solid pigment. 

i. Concentrated sulphuric acid; the fragments undergo a series of 
colour changes, being first a dirty green, then bluish green, and 
lastly a beautiful violet. Later still this fades and only a brownish 
colour is left. 

ii. Concentrated nitric acid ; a distinct bluish green colour is developed 
which lasts only a few seconds ; then the flakes become colourless. 
iii, Iodine dissolved in solution of potassium iodide; the solution used 
is of this composition, iodine ‘25 grm., potassium iodide °5 grm. ; and 
distilled water 100c.c.(Capranica). This gives no colour reaction at 
all with the solid pigment. After the saponification of the pigment 
by the addition of strong caustic soda to the alcoholic solution, this 
iodine solution gives a bluish violet colour, which like the nitric 
acid colour is evanescent’. 


1 These first two colour reactions were established as general tests for lipochromes by 
Capranica, ‘‘ Physiologi ische Untersuchungen iiber die farbigen Substanzen 
der Retina.” Arch. fi Anat. und Physiol. 1877, p. 283 : and the iodine test by Schwalbe, 
‘*Handbuch der gesammten Augenheilkunde.” Graefe u. Saemisch, Bd. 1. Th. 1. 
Cap. tv. p. 414. Leipsig, 1874. 

The sulphuric acid and iodine reactions were first described for lutein by Piccolo and 
Lieben, “ Studii sul corpo luteo della vacca.” Giornale di scienze naturali ed economiche. 
Anno 11. Vol. 1. p. 258. Palermo, 1866, And the nitric acid reaction was first pointed out 
as being possessed by lutein by Thudichum, “ Ueber das Lutein etc.” Centralbd. f. d. 
med. Wissenschaft, Bd. vit. 1869, p. 1. 

? Kuhne and Ayres found that a similar state of things existed in another group of . 
lipochromes, which they found in the cones of the retina and called chromophanes; viz. 
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3. Spectroscopic observations. So far the chemical properties have 
only told us that the pigment is one of the class of lipochromes. The 
spectroscope affords however the means of completely identifying the 

body. 

A strong alcoholic sobetion | is of a deep orange red colour and gives a 
spectrum in which the red end of the spectrum is cut off up to the C line, 
and the blue end is also cut off up to the E line or a little on the red side 
of it (Pl. VIII. fig. 3, C). Ina more dilute solution less of the red end is | 
cut off, and a band in the region of the F line becomes detached from 
the large absorption of the blue end of the spectrum. This is not a very 

dark band, and in very dilute solutions appears only as an ill-defined 
shading. It is therefore impossible to measure it in wave lengths with 
any great exactitude, but so far as can be made out jt reaches from 515 
to 475. This is shown in Pl. VIII. (fig, 3, B). 

After saponification, the yellowish red soap sinks to the bottom of 
the tube, and on spectroscopic examination of this, the absorption 
spectrum is found to be similar to that just described. 

On comparing this spectrum with that of other lipochromes, it is 
found to be identical with that of tetronerythrin obtained either from 
the exoskeleton or hypoderm of the same animals. It is also very 
similar to that of Kiihne’s xanthophane and rhodophane, the absorption 
spectra of which are figured for the sake of comparison (fig. 3, D and E). 
Rhodophane however is insoluble in petroleum ether and carbon bisul- 
phide, so the two pigments cannot be identical; the absorption spectrum 
of this body as also of xanthophane show slight differences from that of 
tetronerythrin. Reducing or oxidising agents produce no change in the 
colour or spectroscopic properties of tetronerythrin. Its solutions can 
be boiled without undergoing any change. After exposure for some 
weeks they become rather fainter in colour; they may be due to the 
action of light or of the atmosphere. The solid pigment on being dried 
either in the air or in a vacuum over sulphuric acid, changes first to a 
dirty green colour, and then becomes colourless. 

4. The probable functions of tetronerythrin. The name was first 
given by Wurm’ to the red colouring matter, which occurs in the red 
parts round the eyes of certain birds and known as ‘the roses’. 
it was not until after saponification that the colour reaction with iodine was obtained. 
‘‘ On the Stable Colours of the Retina.” Journal of Physiology, Vol. 1. 1878—9, p. 109 et seq., 
and in the German language in the Untersuch. des phys. Instituts der Univ. Heidelberg, 
Bd. 1. Heft 4. 


1 Wurm. ‘‘Tetronerythrin, ein neuer organischer Farbstoff.” wissen. 
Zoologie, Band 31. Leipsig, 1871, p. 585. 
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Merejkowski' found the same pigment in 104 species of animals, 
vertebrate and invertebrate ; the list has also been largely seacien to by 
Dr MacMunn’*. 

Merejkowski considers that this pigment plays an important part 
in the cutaneous respiration of lower animals. He does so on four 
grounds. 

1. Its distribution in the organs. It occurs saette in tissues that 
come in contact with the water, especially in the gills. It also occurs 
abundantly in those organs which need most oxygen for the fulfilment of 
their functions, e.g. the muscles. | 

2. Its distribution in the animal kingdom. It is more abundant in | 
sedentary than in freely moving animals. 

3. It occurs in very small quantities in animals provided with 
parasitic algae which produce oxygen in the tissues of these animals. 

4. On exposure to the sun it becomes colourless, possibly from 
oxygen uniting with it to form a new uncoloured product. 

It certainly may be the fact that this body plays some important 
part in respiration, but hardly I fancy in the way that Merejkowski 
conceives. This I base upon the consideration of the following points :— 
| 1. The colourless product which is formed is probably not the 

result of oxidation; a stream of oxygen through it produces no such effect ; 
nor does addition of hydrogen peroxide. Moreover it occurs equally 
well in a vacuum as in the presence of oxygen. 

2. It seems to be more probably the result of the loss of water; 
this is supported by the consideration that the colour changes produced 
by the addition of sulphuric acid are very similar, and those changes are 
possibly due to the acid taking the elements of water from the pigment. 

3. This body moreover is probably of a fatty nature; and fats are 
more prone to undergo hydrolytic than oxidative changes. 

Dr MacMunn has come to the conclusion that the pigment 
tetronerythrin is probably built up in the liver, or in the organ that 
corresponds thereto, in crustacea®. If this is the case, its presence in 
the blood is interesting ; it is being carried by that fluid from the liver 
where it is probably formed, to the surface and other parts where it 
plays some function possibly connected with cutaneous respiration. 

‘1 Merejkowski. ‘‘Sur la tetronerythrin dans le régne animal, et sur son réle 
physiologique.” Compt. Rend. Tome 93, 1881, p. 1029. 


7 MacMunn. “ Studies in Animal Chromatology.” Proce. Birmingham Physiological 
Society, Vol. mt. p. 351. 

*MacMunn. “Observations on the colouring matters of the so-called Bile of 
Invertebrates.” Proc, Royal Society, No. 226, 1883, p. 17. 
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When describing the blood corpuscles of the crustacea in a former 
part of this paper (p. 309), I mentioned the fact that some of them in 
some animals, especially where tetronerythrin is abundant, contained 
yellowish red granules. We have here most likely to do with the 
same pigment; tetronerythrin occurs dissolved in the plasma, but it is 
very soluble in fats; many of the granules of amoeboid cells are fatty 
in nature, hence they get tinged with the red pigment. 

The red pigment is said by Fredericgq and also by Krukenberg 
not to be constantly present in lobster’s blood. I: have myself come 
across no specimen where it is absent. It is however possible that it is 
sometimes absent; it seems to me however more probable that it is 
always present, though sometimes in so small quantity as to escape 
detection by a mere inspection of the blood. The alcoholic extract may 
indeed appear to be perfectly colourless. I found this not only in some 
specimens of lobster, but also in nearly all the specimens of the sea cray- 
fish I examined. On evaporating the alcoholic liquid to a small bulk, 
however, it assumes a faint yellow red tinge, and later a few flakes 


of the pigment separate out. 


This is so far as I can discover the first instance in which the 
presence of a lipochrome’ has been definitely proved in crustacean or 
any blood. All the pigments hitherto described in blood seem to be 
associated with a proteid constituent of the blood. 

It is however possibly the case that the granules of varying colour 
that occur in the blood cells of different groups of animals, especially 
among the Echinoderms, are in reality lipochromes; this however is only 
a suggestion, as I have not any proofs. or experiments to bring forward 
in support of the hypothesis. 


PART V. 
Comparative Aspects of Crustacean Blood. 


Fredericq pointed out that the plasma of invertebrate blood differs 


_ from that of vertebrate blood by fulfilling two functions, a nutritive 


and a respiratory one: whereas in vertebrate blood the plasma performs 
only the former of these, the nutritive function, while the respiratory 


function is delegated to special corpuscles, which do not exist in the 
blood of the invertebrate, __ 


1 Unless chlorophyll is to be regarded as a lipochrome. Chlorophyll or a body closely 
related to it has been found to occur in the blood of many butterflies and moths by 


 MrPoulton, Proc, Roy. 1885. 
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This gule on the whole holds good; there are however several 
exceptionsto. it. 

It seems to be true with regard to the blood of crustacea, or at any 
rate with the blood of those crustacea that have been hitherto 
examined. The body that possesses the respiratory function is however 
not haemoglobin as among the vertebrata, but haemocyanin. 

Haemocyanin is not however universally found among crustacea, but 
haemoglobin has been described in several species, dissolved in the blood — 
plasma. 

Haemocyanin again is not confined to crustacea, but is found in 
several other groups of animals, e.g. Mollusca and Arachnida. 

From a comparative standpoint, we may subdivide the consideration 
of this subject into the following heads: 

1. Comparison of the blood of the crab, lobster, crayfish and sea 
crayfish. 

2. Comparison of these with the blood of other crustacea. 

3. Comparison of crustacean blood with that of other animals 
containing haemocyanin. 

1. Comparison of the blood in the crab, lobster, crayfish and sea 
crayfish. The points in which these agree have been the subject of the 
parts of the paper previous to this. There now only remain to be — 
pointed out, the ways in which they differ from one another. 

_ he differences are of degree not of kind. 

The differences in the amounts of various constituents is given on 
p- 302; there the crab’s blood is seen to be richest in proteids, and Astacus 
the poorest. Astacus is also the poorest in salts, this being probably 
due to its fresh water habitat. Although the total quantity of proteids 
is greatest in the crab, the amount of fibrin formed is the smallest, and 
the clot is not nearly so firm or large as in the other animals. The 
amount of tetronerythrin varies in different specimens of the same animal, 
and in Nephrops is always present in exceedingly small quantity, often 
there being only a trace of it. 

In the liver of Astacus, MacMunn found haematin, but not in any 
other crustacean ; this however does not seem to have any effect in the 
composition of the blood. Astacus blood was at one time stated by 
Krukenberg to contain no haemocyanin’, this he corrects in his later 
papers. 

2. Comparison with the blood of other crustacea. Haemocyanin 


1 Krukenberg. ‘Zur Kenntniss des Himocyanins und seiner Verbreitung im 
Thierreiche. Centralb. f. d. med. Wiss., No. 28, 1880, §. 417. 
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has been noted by Krukenberg as occurring in the blood of many 
other decapods, and malacostracous crustacea. Whether crustacean 
fibrinogen is there also, I have not had an opportunity of discovering. 
The phenomena of spontaneous coagulation are described as being 
similar to those in the crab and lobster, and therefore it seems probable 
that it is there also due to the action of a ferment on a proteid 
precursor in the blood, as I have just shown to occur in the animals 
used for my researches. 

In other crustacean groups haemoglobin is iia as being present in 
solution in the blood plasma; in the entomostracous crustacea, Daphnia 
and Cheirocephalus (Lankester’), in Apus productus and canctri- 
formis and in Cypris (Regnard and Blanchard’), and in Lernan- 
thropus and Clavella (Van Beneden’*). It has also been mentioned 
as occurring in a marine parasitic crustacean (undescribed) by Van 
-Beneden‘. 

I find no description of the blood in any other crustacean animals. 

3. Comparison with the blood of other invertebrute groups. 

Haemocyanin is not limited to the blood of crustacea. 

a. Cephalopoda. 

Haemocyanin here occurs largely, and has been described in several 
genera by Fredericq and Krukenberg. : 

The following table, from Fredericq’s memoir on the blood of the 
Octopus, I quote as being useful to compare with that of crustacean 
bloods I have given on p. 302. 

Eledone | Sepia ia 


Solid matters in 100 parts | 7:23 {18-20 | 13°689 
Salts 2-63 3205} 2-225 
Organic matters 4-6 10°375 | 10°675 
Proteids 3°4 8-9 


From the description of the spontaneous A Ss that occurs in 
these animals, I should be inclined to think that here again we have a 
ferment action similar to that I have described. 

b. Other Molluscan groups. 

In the Gastropods haemocyanin is present as a rule. 


1 Lankester. ‘‘Ueber das Vorkommen von Haemoglobin in den Muskeln der — 
Mollusken, und die Verbreitung derselben in den lebendigen Phiiger’s 
Archiv, Bd. 4, 1871, p. 315. 

2 Regnard and Blanchard. Zool. Anzeiger, 1883, p. 253. 

3 Quoted by Lankester. Zool. Anzeiger, 1883, p. 416. 

* Quoted in Gamgee’s Physiological Chemistry, p. 130. 
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In the Lamellibranchs it seems to be absent. 

c. Arachnida. 

Haemocyanin was first definitely shown to occur in the blood of 
Limulus by Professor Lankester’. Thanks to the kindness of Profes- 
sors Lankester and Bourne, I have had the opportunity of examining 
the blood from three specimens of the king crab. In these I found the 
average percentage of proteids to be 6°12. Haemocyanin here had 
the same spectroscopic properties, and the same heat coagulation 
temperature as in crustacea. Moreover all the proteids were precipi- 
tated by saturation with magnesium sulphate. 

_ So far as I was able to follow the phenomena of spontaneous 
coagulation, it presented no differences from that seen in crustacea. First 
a binding of the cells into shreds occurred, followed by the jellying of 
the whole mass. This was prevented by the admixture of a large 
amount of saturated magnesium sulphate solution, but not by sodium 
sulphate. On dilution of the magnesium sulphate mixture with water, 
coagulation occurred; by examination under the microscope a fibrinous 
substance, in addition to the cells, was seen. This possessed the same 
chemical properties as crustacean fibrin, and almost the same as those of 
vertebrate fibrin. I did not perform actually the crucial experiment of 
‘separating the fibrinogen and the ferment of the blood of Limulus, as I — 
made these observations before my researches in crustacean blood had 
reached that stage. But from the consideration of the facts above 
mentioned, it may be taken as certain that the cause of coagulation is 
the same in Limulus as among crustacea. 

That being the case, does this have any baleen on the class 
relations of Limulus? I fancy not, since similar phenomena are 
observed in such distant groups as the Cephalopods and Gastropods. 

Moreover the blood of Scorpio itself contains large quantities of 
haemocyanin as Lankester* showed: this is the only instance hitherto 
noted of haemocyanin occurring in an air-breathing animal. 

The fact that the same body occurs in various groups of animals is 
not only instanced by haemocyanin. ' Tetronerythrin is another example 
of the same kind. As another, chitin may be mentioned, this body 
occurring in C'ephalopods, and in all the groups of the Arthropods, and 
as well in other animals which need not be enumerated here. 


1 Lankester. ‘‘MoBility of the Spermatozooids of Limulus.” Quarterly Journal of 
Mic. Science, Vol. xv1mt. 1878, p. 453. 

2 Lankester. ‘‘ On the Skeleto-trophic tissues and coxal glands of Limulus, Scorpio, 
and Mygala.” Quart. Journ. of Micros, Science, Vol. xxtv. p. 151. : 
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APPENDIX. 


- 


I propose to give here a list of the animals in which haemocyanin 
has been described as occurring: and also lists of animals in the blood 
of which other colouring matters have been described. 

A. Haemocyanin. 

Crustacea. Homarus (Fredericq). 
Astacus (Krukenberg). 
Cancer (Krukenberg). 

—Carcinus (J olyet and Regnard). 

Nephrops (present paper). 
Eriphia (Krukenberg). 
Squilla (Krukenberg). 
Maja (Krukenberg). 
Scorpio (Lankester). 
Limulus (Lankester). 
Cassidaria (Krukenberg). 
Fissurella (Krukenberg). 
Haliotis (Krukenberg). 
Helix (Fredericq). 

Murex (Krukenberg). 
Turbo (Krukenberg). 
Octopus (Fredericq). 
Sepia (Krukenberg). _ 
Eledone (Krukenberg). 
Loligo (Krukenberg). 


In special corpuscles in all except 

Amphioxus (Lankester)*, 

Leptocephalus (Lankester)’. 

Daphnia (Lankester). 

Cheirocephalus (Lankester). 

Apus (Regnard and Blanchard). 

Lernanthropus (Van Beneden). 

Clavella (Van Beneden). 

Cypris (Regnard and Blanchard). } 

Marine parasitic Crustacean (undescribed) (Van 
Beneden). 


1 Lankester. Proc. Roy. Soe., Vol. xx1, 1872, p. 71 et seq. 
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Insecta. Cheironomus (Lankester)’. 
Musca domestica (Mac Munn)’. 
Mollusca. Planorbis (Lankester), 
Arca (Lankester). 
Solen (Lankester). 
Chaetopoda®. Lumbricus. Limnodrilus. 
Eunice. Lumbriculus. 
Cirrhatulus. Nais. | 
Nereis. Chaetogaster. 
Terebella. Glycera. 
Tubifex. Capitella. 
Arenicola. Euchytrachus. Aphrodite. 
Gephyrea. Phoronis (Lankester). 
Thallasema neptuni (Lankester). 
 Hamingia (Lankester). 
Nemertina. (Lankester). 
Other Nemertines (Hubrecht*, 1875). 
Hirudinea. Nephelis (Lankester). 
Hirudo (Lankester). 
_Echinoderma. An Ophiurid (Fottinger*, 1880). 
~ In all invertebrates haemoglobin occurs in solution in the blood 
plasma, except in the following four where it is contained in special 
corpuscles: Solen, Glycera, Capitella, Phoronis’. 
C. Chlorocruorine. 
Chaetopoda. Siphonostomum (Lankester)* 
Sabella (Lankester)®*% 
Chloronema (Quatrefages)’. 
D. Haemerythrin. 
Gephyrea. Phascoloma (Schwalbe)*. 


1 Lankester. ‘Prel. Notice of some observations with the spectroscope on animal 
substances,” Journal of Anat. and Physiol., 1868, Vol, m. p. 114. 

2 Mentioned by MacMunn. An. Chromatology, p. 385. 

3 The observations that Haemoglobin is present in Chaetopods are vat of Prof. 
Lankester, I do not find Aphrodite in his lists however : it is mentioned by MacMunn, 

Animal Chromatology, p. 388. 

, 4 Quoted by Lankester. Zool. Anzeiger, 1883, p. 416. 

5 Described as Haemerythrin by Krukenberg. 

6 Lankester. Yournal of Anat. and Physiol., Vol. 1. p. 114. 

7 Quatrefages. SeeGamgee, Phys. Chem. p. 131. 

8 Schwalbe. ‘‘Kleinere Mittheilungen zur Histologie wirbell. Thiere.” Archiv f. 
mikrosk, Anat. Bonn, Bd, y. 1869, p. 248. 
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Sipunculus (Krukenberg)’. 
Phoronis (Krukenberg)’. 
E. Chlorophyll. | 
Insecta. Various Butterflies and Moths (Poulton)*. 
F, Tetronerythrin | 
Crustacea. Homarus (present paper). 
Carcinus (present paper). 
Astacus (present paper). 
Nephrops (present paper). 
G. Various coloured granules are described in the corpuscles of 
Holothurians and Sea Urchins (Geddes)*. The blood of Patella is 
described as being of an orange colour (Krukenberg). 


EXPLANATION OF PLATE VIII. 


Fic. 1. 


A. Solar spectrum. 
B. Absorption spectrum of haemocyanin (Homarus vulg.). 
Strength of solution 4 5°/.. 

When haemocyanin is kept for some days in a strong solution of 
magnesium sulphate, the tint becomes more violet. When kept in a strong 
solution of sodium chloride, it assumes a greenish hue, On spectroscopic 
examination of these liquids, as before, no bands are seen, but only variations 
in the amount of the cutting off of the ends of the spectrum. 


Fig. 2. 


For the purpose of comparison with the above, I append Krukenberg’s 
diagram of the absorption spectrum of haemocyanin prepared from Helix 
pomatia. 


A. Solar spectrum. 
B. Absorption spectrum of haemocyanin (Helix pomatia) (Kra kenberg). 


Krukenberg. Vergl. phys. Studien, 1s Reihe, Abth, p. 82. Tho name Hae- 
merythrin is Krukenberg’s. 
* Described as Haemoglobin by Lankester. 
3 Poulton. “Proc, Roy. Soc., 1885, 
* Geddes... See Gamgee’s Phys. Chemistry, p, 134. 
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Fig. 3. 


Solar Spectrum. 

Tetronerythrin in alcohol ; dilute slate. 

Tetronerythrin, in alecbiol concentrated solution. 
Xanthophane (Kiihne and Ayres). 

Rhodophane (Kibne and Ayres). 

The Dand are in the form in which Kiihne 


them. 
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VEGETABLE PROTEID'. By SIDNEY H.C. MARTIN, 
M.D. (Lond.) BSc. M.R.C.P. Fellow of University College, Lond. 


(From the Physiological Laboratory, Univ. Coll.). 


In a previous paper* I have detailed the action of the proteolytic 
ferment papain on coagulated egg-albumen and on fibrin, and have 
shown by extending the researches of Wurtz, Bouchut, Albrecht and 
others that papain acts like trypsin. The results obtained may be 
summarised as follows :— 


The ferment acts best in alkaline solutions of the strength of } p.c. 


sodium carbonate: but it acts well in neutral media. 

It acts less energetically than trypsin, but the products formed are 
the same, viz., a perfect peptone, an “intermediate” body of the nature 
of a globulin, and leucin and tyrosin—the last being in only small 
quantity. 


In the present investigation I have extended my observations into 


the nature of the ferment itself, the characters of the proteids contained 
in papaw juice, and the action of papain on these. I will therefore 
consider the subject under two heads: 

(1) Nature of the ferment. : 

(2) Proteolytic changes in the proteids of papaw juice. 


PART I. 
Nature of the Ferment. 


In the commercial papain I used in my first experiments I found 
two soluble proteids, which as I have stated* were a globulin and a 
peptone, the latter disappearing to some extent by dialysis. I had not 


1 Towards defraying the expenses of this investigation a grant was obtained from 
the Scientific Grants Committee of the British Medical Association. A short summary 
appeared in the Brit. Med. Journ. July, 1885. 

2 This Journal, Vol. y. No. 4. , 3 Loe. cit. p, 215. 
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at that time come to any conclusion as to which of those bodies was 
the ferment, or, to speak more correctly, with which the ferment-action 
was associated. I thought that it was not the globulin, chiefly from the _ 


reactions which Wurtz’ had given as belonging to the solution of a 


pure and active papain. He found that this body was a proteid, not 
precipitated by boiling or corrosive sublimate, but giving precipitates 
with nitric and hydrochloric acids soluble in excess, and one also with 
acetic acid and potassic ferrocyanide. These reactions indicate a body, 
not a native albumen, not a globulin, not a peptone, but one of those 
bodies which Kiihne® has described under the name of a!bumose, to the 
consideration of which we shall presently come. 

If the body be an albumose, it must be present in the active 


“papain” I used; and this I found to be the case—the “peptone” I had 


previously described being not a true peptone, but a hemialbumose. 

To demonstrate this the following methods were adopted : 

- Method A. One gramme of an active papain was extracted for 
24 hours with pure glycerine, and then filtered under vacuum pressure. 
The filtrate was very slightly opalescent, and on dilution gave the 
following reactions : 

1, A faint cloudiness on boiling, soluble in nitric acid, and giving a 
marked xanthoprotein reaction. 

2. An abundant precipitate with nitric acid, almost completely 
soluble on boiling, coming down again on cooling, redissolving on 
boiling etc.—a reaction shinraotstistic of an albumose. 

~ 3. A biuret reaction with copper sulphate and excess of potash. 

The body then extracted by glycerine was chiefly an albumose. 

To see whether any globulin was present in the glycerine, this was 
diluted, the solution being neutral, and saturated with magnesium 
sulphate, causing only a trace of precipitate, which was filtered off. 
The filtrate gave the reactions of hemialbumose, and was then saturated 
with sodium sulphate and shaken for one hour; the double saturation 
caused a dense precipitate, which was collected on a filter, washed with 
a saturated solution of sodio-magnesium sulphate and dissolved by 
adding distilled water. The activity of this solution of hemialbumose 
was tested. The filtrate after double saturation gave scarcely any 
xanthoprotein reaction, showing that most of the proteid had been 
precipitated : it was dialysed in running water for 19} hours and its 
activity tested. 


1 Compt. Rend. June, 1880. 
® Kiihne and Chittenden, “‘ Ueber Albumosen,” Zeits. fiir Biologie, Bd. xx. 
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The results obtained may be stated as follows: 

1, Glycerine extract of papain, containing chiefly hemialbumose 
with a trace of globulin. In a neutral medium this forms peptones in 
quantity from coagulated egg-albumin, in 24 hours’ digestion at 32°C., 
the globulin-like body being also formed—7 grms. of moist albumin 
leaving about 2 grms. residue. The extract is therefore active. 

2. Solution of albwmose, obtained by precipitation with sodio- 
magnesium sulphate from the diluted glycerine extract. A very small. 
quantity (not weighed) with 10 grms. of coagulated egg-albumin and 
100 cc. of water formed peptones in abundance in 19} hours at 35°— 
40°C., the intermediate body also appearing. The action then is the 
same as that of the glycerine extract. 

3. Dialgsed filtrate, after double saturation of glycerine extract, 
containing a trace of hemialbumose. In 27 hours’ digestion at 33°— 
35°C. with 10 grms. of coagulated albumin in 100 cc. of water, no 
intermediate body was formed, and only a faint cloudiness could be 
obtained with acetic acid and metatungstic acid, showing indeed only 
a trace of peptones. 

Comparing these results, it will be evident that where there is 
albumose there is a ferment-action, and that this union is so close that 
the proteid precipitated by the double neutral salt (sodio-magnesium 
sulphate) is an active proteolytic. 

A similar method of saturation with salts was carried out in a 
watery solution of the same commercial papain with the following 
results : | 

The neutral solution was first saturated with magnesium sulphate 
giving a precipitate of globulin; this was collected, dissolved by adding 
distilled water, dialysed for 72 hours (with thymol), and used for digestion. 
The filtrate after the first saturation was shaken with sodio-magnesium 
sulphate for some hours, causing a precipitate, which after solution in 
distilled water was dialysed for 3 days; this precipitate gave the . 
reactions of albumose and also of a trace of globulin. The last filtrate, 
after dialysis for 5 days, gave only a slight xanthoprotein reaction. 

The activity of these, the globulin, the albumose, and the filtrate 
were tested, and the results may be stated as follows: 

Magnesium sulphate precipitate—globulin. No action on un- 
coagulated egg-albumen in neutral medium at 35°—40°C. 

Sodio-magnesium sulphate precipitate—chiefly albwmose, trace of 
globulin. Formed peptones from egg-albumin (diluted) at the same 
temperature, 
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Filtrate with only a trace of proteid. No action on egg-albumin. | 

‘The two experiments just quoted prove definitely the association of 
the ferment action with the albumose present. Another experiment 
was however performed in order to isolate the ferment more completely 
than can be done by saturation with salts, owing to the difficulty of 
removing all the latter by dialysis. 

Method B. A large excess of alcohol (86°/,) was added to 1 gramme 
of papain and the mixture allowed to stand 14 days to coagulate the 
globulin. The liquid was then filtered, the residue dried and extracted 
for 48 hours with pure glycerine; the extract was filtered under 
vacuum pressure and allowed to drop into a mixture of absolute alcohol, 
8 parts, pure sulphuric ether, 1 part’. This caused a dense flocculent 
precipitate, which was caught on a filter, and dissolved, in part in 
glycerine, and the remainder in distilled water. These solutions gave 
the reactions of albumose only, there being no precipitate by boiling, a 
dense one with nitric acid, and a biuret reaction with copper sulphate 
and potash. Both the first and second glycerine extracts and the 
watery solution of the albumose were actively —- forming 
peptones from coagulated egg-albumin. 

To complete the experiment, the mixture of alcohol, ether, and 
glycerine was allowed to evaporate in the top of an incubator at 35°C. 
till the two first had been dissipated, and the activity of the glycerine 
residue was tested on milk and coagulated egg-albumin. It was found 
to have no action whatever, neither peptones nor the intermediate body 
being formed: in the experiment, the second glycerine extract formed 
peptones both from milk and coagulated albumin. Alcohol therefore 
precipitates all the ferment from a glycerine solution. 

From these experiments there is no doubt that papain is associated 
with an albumose ; and to the reactions previously stated by Wurtz, I 
would add the following : | ; 

1. Solutions give a biuret reaction. 

2. The body is precipitated from a neutral solution by sntinction, 
with sodio-magnesium sulphate, the precipitate being still active. It 
is not precipitated by magnesium sulphate saturation alone, or by 
sodium chloride, except in acid solution. 

3. It is dissolved by glycerine, and if precipitated from this solution 
by alcohol, the filtrate has no proteolytic power. ; 

The question still remains as to which particular kind of albumose 


1 This was the method adopted by Gorup-Besanez in extracting the proteolytic 
ferment from vetches: Ber. d. deutsch. chem. Gesellsch. vm. 1874. 
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this proteidis. Kiihne and Chittenden’ have described four varieties, 
differing chiefly in their solubility in distilled water and salt solution, 
and in their precipitation by saturation with sodium chloride. These 
varieties are called prot-, hetero-, dys-, and deuteroalbumose. 

Putting aside the question whether these are all distinct bodies, or 
only modifications of one or two, the albumose described above would 
correspond most nearly to protalbumose, being soluble in distilled 
water and precipitated by nitric acid. It however differs in one 
important particular, viz. in not being precipitated by saturation with 
sodium chloride in neutral solution, but only when this. is distinctly © 
acid: hence it is not the form of albumose described by Kiihne and 
Chittenden. The more complete treatment of this point will be left 
till the proteids of the papaw juice are discussed : at present, it may be 
stated that it is the same body described later as a-phytalbumose. 

Besides the proteolytic ferment, there is also a milk-curdling 
ferment, which I have not yet succeeded in isolating from the former. 
The powder itself (commercial papain) curdles much more actively than 
the glycerine extract, though the latter does possess the property, even 
_ after precipitation by alcohol and ether (as in B, detailed above). 

' The following results of experiments show the activity of this 
curdling : 

Papain (‘3 gramme) in 450 cc. of milk diluted with 125 ec. of water 
caused curdling at once, at 62°C. 

Papain (‘5 gramme) in 200 cc. of milk and 50 cc. of water, with 
1 gramme of sodic bicarbonate added, caused curdling in 5 minutes at 
60°C. A greater excess of the alkaline carbonate and a lower tem- 
perature delays the curdling ; thus with 200 cc. of milk, 5 gramme of 
papain, and gramme of sodic carbonate, at 43°C., curdling occurred in 
15 minutes. Also, diluting the milk hinders the curdling: in a 
similar experiment, e.g., in which 200 cc. of milk were diluted with an 
equal volume of water, the same quantity of papain and alkali being 
added, curdling was delayed (at 48°C.) for 1} hour, yet the ferment was 
active, since peptones and the intermediate body were formed. 

The curdling is a precursor of digestion, but its relation to the 
transformation of the casein into peptones I have not yet determined, 
since it depends on the separation of the proteolytic, and the curdling, 
ferments—a result not yet accomplished. It is probable that the two 
ferments are distinct, judging from the analogous association in 


1 Op. cit. p. 17. 
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_ ‘pancreatic juice : Dr W. Roberts of Manchester has in this case been 
able to separate them’. 

Baginsky* has investigated the curdling ferment in papaw juice : 
he appears to think that sodic carbonate has no effect in hindering the 
curdling, though only one experiment is quoted®, 

There is no diastatic ferment associated with papain: it has no 
action whatever on starch in dilute solution. 


PART IL. 
Proteolytic changes in the proteids of papaw juice. 


Before dealing with the kind and character of proteids present in the 
juice, a short account of the present state of knowledge as regards 
vegetable proteids is necessary. 

Speaking generally, the chief proteids present in seeds have been 
' determined by Hoppe-Seyler‘*, Weyl’, and Vines to consist of 
globulins and peptone, The globulins according to Weyl are of two 
kinds, resembling animal myosin and vitellin; the peptone is considered 
by Vines to be a hemialbumose. There is no doubt whatever from the 
experiments quoted by these observers that these two groups of bodies” 
are present. It still remains doubtful, however, whether a true peptone 
is not present: viz. a proteid, soluble in distilled water, not precipitated 
by nitric acid or acetic acid and potassic ferrocyanide, and giving a 
biuret reaction. It is doubtful because though Vines® separated a body 
from the seeds of Lupinus varius, Paeonia officinalis, Ricinus communis, 
and other plants, giving the reactions of hemialbumose, yet there may 
be a true peptone present as well: he does not mention experiments 
separating the former from the solution and seeing whether any proteid 
remained. This is a point of some importance, and to it I shall return. 

. The question as to whether a native albumin (corresponding, e.g. to 
white of egg) is present in plants is still unsettled, though it is decided 
in the affirmative by Ritthausen’. 


1 Cromian Lectures on Digestive Ferments. 

2 Zeits. fiir physiolog. Chemie, Band. vit. 1882. 

3 A more detailed account of the action of papain on milk will be found in my Report 
in the Brit. Med. Journ, July 25, 1885. 

* Physiologische chemie. 5 Zeits. fiir physiolog, Chemie, Bd. 11. 1877, — 

§ Proc. Roy. Soc., vol. xxvm1. 1878. Ibid. vol. xxx. Ibid, 1880. Journal of Physiology. 
Proteid substances in seeds.” Vol. m1. 

? Die Eiweisskirper der Getreidearten, Hiilsenfriichte und Oelsamen. Bonn, 1872. 
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Further the extensive researches of this observer, which have been 
almost universally accepted (even up to 1877 by Sachsse’), discovered 
the presence of bodies which he called legumin, conglutin and gluten- 
casein. Vines has explained the presence of the two first bodies by an 
action of the alkali (used in extracting them) on the globulins present ; 
the last being also probably due to the same cause, 

Weyl considers all the caseins described in plants as artificial 
products. 

The question cannot be further discussed — the whole subject 
has been ably treated by Vines in this journal’. 

The important fact brought out by the researches of Weyl, Hoppe- 
Seyler, Zoller, supplemented by those of Vines, is that there is a 
constant association of globulins and hemialbumose in the seeds of the 
plants investigated. This fact will derive still greater significance from 
the results of the analysis of the proteids in papaw juice, immediately to 
be detailed. 

As mentioned above it does not seem to me definitely proved that 


true peptones are absent from the vegetable kingdom; and to this point 


I have directed my attention specially, To return to what has 
previously been said, the hemialbumose described by Vines was, like 
peptone, soluble in distilled water, and also, like that body, was not 


precipitated by boiling, and gave a biuret reaction; it differed from 
peptone in being precipitated by nitric acid and acetic acid and potassic © 
ferrocyanide, and also, according to Vines, in not dialysing. It seemed 


to me therefore necessary to use a method which would separate the 
hemialbumose, leaving the peptone, if present, in solution. Several 
methods were attempted, the readiest of which was found to be 


Hofmeister’s. It is as follows: to the liquid, which must be neutral, 


is added half its volume of a saturated solution of sodium acetate, and 
then dilute ferric chloride till no more blood-red colouration is observed : 
ferric acetate is formed. The liquid is then neutralised with’ caustic 
soda, care being taken that it is on the acid rather than on the alkaline 


side of neutrality, boiled, and afterwards filtered. The clear filtrate is — 


free from all proteids except peptones. 

I have used this test in the digestive filtrates of both pancreatic and 
papain digestions and have found it answer well. In the filtrate there 
will be no precipitate with nitric acid or with acetic acid and potassic 
ferrocyanide, showing the absence of hemialbumese; and yet. there will 


- 1 Die Farbstoffe, Kohle'ydrate, und Proteinsubstanzen. Leipzig, 1877, 
2 Op. cit. 
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be an intense xanthoprotein and a biuret reaction with copper sulphate 
and caustic potash, if peptones are present in quantity. If these are 

only small in amount, no biuret reaction will be obtained, though still 
_ the xanthoprotein: their presence is then best demonstrated by adding 
one-fifth volume of acetic acid and a drop or two of acid phospho- 
tungstate of soda (metatungstic acid), when on standing for some 
minutes a cloudiness will appear, settling to a fine precipitate. 

This last test was much used by Poeh|' in his investigation, both for 
the detection and the quantitative estimation of peptones. I found as the 
_ result of many experiments that some forms of albumose were with 
difficulty precipitated by boiling with ferric acetate, so that the 
operation had to be repeated with the filtrate: and it may moreover be 
stated here, that a body resembling Meissner’s b-peptone, to be 
described later, is not precipitated, as I have found, in this way. A 
small quantity of peptone is also precipitated, as may be deduced from 
the fact that a solution containing no proteid but peptone gave a 
fainter biuret and less precipitate with acetic acid and metatungstic acid 
after boiling with ferric acetate than before. The quantity thrown 
down however is small, and may be recovered by shaking the abit 
tate with water”. 

Another important property of peptones, which has been utilised in 
the present investigation, is that they are not precipitated by double 
saturation with magnesium and sodium sulphates, or by the double salt 
sodio-magnesium sulphate. This was tested several times in a solution 
of peptones in which neither boiling, nitric acid, nor acetic acid and 
potassic ferrocyanide gave any precipitate; saturation with sodio- 
magnesium sulphate (with 1 hour’s shaking) gave no precipitate, and 
_ the filtrate gave a cloudiness passing on to a dense precipitate with 
acetic acid and metatungstic acid. This brings out another point, viz. 
that the last reaction for peptones can be performed in a saturated 
solution of salts: the biuret reaction not being obtainable because of 
the precipitation of the magnesium by the alkali. 

The importance of this non-precipitation of peptones by sodio-magne- 
sium sulphate will appear afterwards. 

Lastly, it may be stated that peptones are precipitated by saturation 
with ammonium sulphate. I can, in this matter, confirm the observations 
of He ynsius®, 

Bearing in mind the researches previously mentioned, I directed my 


1 Ueber das Vorkommen u: die Bildung des Peptons ete. Dorpat, 1882. . 
2 Poehl, op. cit. 8 Heynsius, Pfliiger’s Archiv, Bd. 34, 8. 330. 
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attention chiefly to the detection of globulins and hemialbumose in 
papaw juice, at the same time ne whether any native albumin or 
peptone were present. 

The material’ used was the juice of the unripe fruit, , dried (chiefly 
in the East Indies) in the open air and under glass. In this form, 
it is a yellow brown powder of sickly smell. 

The methods used in obtaining the proteids from this dried juice 
were two; one consisted in extracting for some hours with a 10 to 15 °/, 


sodium chiegide solution, the other in using simply distilled water. 


By the former most of the proteids would be dissolved, globulins, 
albumoses, and albumin (if present): by the latter, it was thought that 


- much of the globulin might remain undissolved, the solution consisting 


chiefly of the other proteids present. 
We shall deal with the watery extract first. 


EXPERIMENT. July 13, 1885. A specimen of artificially dried fruit 


milk was extracted with distilled water, being filtered after shaking by the 


hand. The filtrate was dark brown and distinctly acid. Neutralisation 
caused-a slight precipitate, soluble in excess of alkali: there was therefore 
some acid-albumin present®. After reprecipitation, the solution was filtered, 
and the neutral filtrate gave the following reactions :— 

1. Boiling, a dense precipitate, which was filtered off. The filtrate 
at first clear became turbid on cooling: it was returned till quite clear. 

(a) The precipitate, after being well washed with water, was treated 
with ‘2°/, H’SO, in which the greater part dissolved, The acid solution gave 
a@ precipitate on neutralisation, a very faint biuret reaction, and a precipitate 
with nitric acid, soluble on warming, coming down again on cooling, re- 
dissolving on heat: behaving in fact like an albumose. The solution also 
gave a marked xanthoprotein reaction. 

The precipitate was also soluble in -2°/, KHO, giving similar reactions, 

(B) The filtrate gave no precipitate on boiling, but a dense one on adding 
nitric acid, soluble in excess, and on heating, coming down again on cooling 
etc.; also precipitates with mercuric chloride and basic acetate of lead, the 
former insoluble, the latter soluble in excess of the reagent; also a biuret 
reaction. Saturation with sodium chloride in neutral solution caused no 
precipitate, but one immediately appeared when the liquid was made slightly 
acid and shaken with more salt. 


1 For many valuable specimens I am indebted to the kindness of Messrs Christy & Co. 
of Fenchurch St. 

2 The acidity of the solution of the dried juice and the presence of acid albumin must 
be considered artificial; since the fresh juice is neutral in reaction. The dried juice used 
had been kept for many months. . 
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2. After boiling with ferric acetate, the filtrate gave no biuret reaction, 
and no precipitate with acetic acid and metatungstic acid: showing the 
absence of peptones, 


This experiment shows that water extracts from the juice, (1) 
proteids which are precipitated by boiling ; the precipitate however did 
not wholly consist of coagulated proteid, since it was partly soluble in 
dilute acid and alkali, the solutions giving the reactions of an albumose, 
as shown by the characteristic behaviour of the nitric acid precipitate 
and by the biuret reaction: (2) a proteid not thrown down by boiling, 
but by nitric acid, the precipitate behaving like an albumose. It is 
this proteid, indeed, that is called by Vines hemi-albumose, and which 
previous to his observations was called vegetable “ peptone.” 

_ It agrees with Vines’ hemi-albumose in not being precipitated 
by saturation with sodium chloride’, though it is thrown down if 
the solution be distinctly acid; it differs in not being precipitated 
by acetic acid*. Its solubility in water, its non-precipitation by 


boiling and its reactions with basic acetate of lead and mercuric 


chloride bring it into relation with Kiihne and Chittenden’s prot- 
albumose: from which it materially differs in its non-precipitation 
by saturation with sodium chloride in neutral solution. It will be 
noticed that it is the same body as that with which the ferment action 
is so closely associated. Provisionally I shall propose, at the suggestion 
of Professor Schafer, to call this body a-phytalbumose, in distinction 
to another form (8) to be described later. 

The separation in an unchanged form of the bodies precipitated by 
heat was found more difficult. The coagulated portion of the preci- 
pitate may consist either of globulins or an albumin, or both: the part 
soluble in dilute acid and alkali consists of an albumose. 

From the watery extract, only the separation of the albumin was 
attempted, the other two bodies being more readily obtainable from 
the saline extract. 


Separation of the albumin. 


The watery extract, freshly made, was saturated, after neutralisation 
and filtration, with sodium chloride, causing a dense precipitate, which 
when dissolved was found to consist of coagulable proteid in small 
amount, and an albumose, in quantity. 

Since the a-phytalbumose was not thrown down (the solution being 


Proc. Roy. Soc., Vol. xxvut. 1878. Ibid. Vol. xxx. p, 887. 
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neutral) these bodies were presumably the same as those préviously 
indicated. The filtrate was then made distinctly acid (with acetic) 
and shaken with more sodium chloride, causing a deuse precipitate 
which was filtered off: this consisted of a-phytalbumose and some 
of the two proteids unprecipitated by the previous saturation. As the 
filtrate still gave a precipitate on boiling it was dialysed for 3 days 
(with addition of thymol) in running water: after dialysis, the salt had 
disappeared, as the liquid gave no precipitate with silver nitrate: 
barium chloride also gave no precipitate. There was no turbidity 
caused by dialysis, showing that no globulin (vitellin) was present, 
since this body is precipitated by dialysis. Moreover the almost 
complete removal of albumose was confirmed by saturation with sodium 
chloride in acid solution causing only a slight cloudiness. The solution 
after dialysis gave the following reactions : 

1. A dense precipitate on boiling, insoluble in nitric acid, weak or 
concentrated, or in ‘2°/, H’SO, and :2’/, KHO, but slightly soluble, 
in strong potash. The precipitate was therefore coagulated proteid. 
The filtrate after boiling contained a trace of a-phytalbumose. 

2. A dense precipitate with nitric acid, only very partially soluble 
on heating, coming down again on cooling etc. a reaction indicating the 
presence of some albumose; an intense xanthoprotein reaction on the 
addition of ammonia, 

3. A precipitate with basic acetate of lead, insoluble in excess, 
and a biuret reaction (due to the albumose) with copper sulphate 
and potash. 

4 After saturating with sodium chloride and filtering off the 
slight turbidity, the clear filtrate gave a dense precipitate on boiling 


_ and with nitric acid. 


We have then distinct evidence of a body belonging to the class of 
native albumins, since its solutions are not precipitated by dialysis 
or by saturation with sodium chloride, but are coagulated by heat 
and nitric acid. 

The experiment also shows that there is no vegetable vitellin 
present’. 

To sum up the results obtained from the analysis of the watery 
extract of the juice, we have certain evidence of the presence of a native 
albumin and an albumose, called above a-phytalbumose; and an 

1 It was erroneously stated in a short report of this investigation in the Brit. Med. 
Journal, July, 1885, that a trace of vitellin was present. From later experiments I 
am convinced that such is not the case. | 
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indication of the presence of a globulin and of another albumose, both 
precipitated by heat and by saturation with sodium chloride. 

There is no vegetable vitellin present, and no peptone. 

It now remains to enter more fully into the separation of the 
gloWalin and albumose. Their behaviour to heat and saturation with 
sodium chloride are, as we have seen, the same. It was thought 
pussible that there might be a difference in their behaviour to saturation 


with magnesium sulphate, to dialysis, and in the precise temperature at 


which they were precipitated by heat. 


Precipitation of saline extract with magnesium 
sulphate in neutral solution. 


A large excess of 10% solution of sodium chloride was shaken 
with a specimen of dried fruit milk and filtered immediately. The 
dark brown filtrate was clear and acid. It was neutralised with caustic 
soda, causing a precipitate of albuminate, as in the watery extract. 
This was filtered off and the neutral filtrate shaken with magnesium 
sulphate by the hand, causing a dense precipitate, which was caught on 
the filter. After washing with a saturated solution of the salt, the 
precipitate was dissolved completely by adding distilled water and 
the clear brown solution dialysed for 3 days. Presumably then we 
have here a precipitate consisting chiefly of globulin, but also of 
some §-phytalbumose, the a-phytalbumose not being thrown down 
because the solution was neutral; and this was confirmed by the fact 
that boiling and filtration removed nearly the whole of the protcid 
present, the small amount in the filtrate being due to the fact, as 
we shall see, that all the §-phytalbumose is not thrown down by 
boiling. 

Partial removal of the salt from the solution caused a fine precipitate , 
which was caught on a filter, washed with distilled water, and then 
dissolved readily in 10/4 NaCl. This solution gave a precipitate on 
boiling insoluble in dilute acid, and a precipitate with nitric acid, quite 
insoluble on boiling, showing the presence of a coagulable proteid, 
a globulin. 


The coagulation point of this globulin was tested by gradually 


heating in a test tube placed in-a flask containing water. The solution 
began to get cloudy at 70°C., the cloudiness increasing to 73°; kept for 


a short time at this — a fine precipitate fell to the bottom of 
the tube. 
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_ A fractional precipitation by heat was performed in the filtered 
dialysed liquid, which presumably still held some globulin in solution. 
It became cloudy at 70°, a fine precipitate falling as before at 73°. The 
filtered liquid became cloudy again at 78°, the cloudiness increasing 
to 84°, when a precipitate fell: the liquid was not heated further. The 
precipitate falling between 70° and 73° was the globulin, that between 
78° and 84° was the albumose, the peculiar behaviour of which to heat . 
will be noticed more fully afterwards. 

These results are with advantage compared with the fractional 
precipitation by heat performed in the 10'/ NaCl extract, to which we 
shall soon come: they show that the globulin and albumose are © 
precipitated at different temperatures. | 

_ The magnesium sulphate precipitate was dialysed till potash gave 
no jelly precipitate ; silver nitrate also gave none, but barium chloride 
gave a distinct cloudiness, showing the presence of sulphates in small 
amount. 

The liquid was turbid with more precipitate (globulin), so this 
was filtered off. The clear filtrate gave a dense precipitate on boiling, 
soluble in dilute acid and alkali. This precipitate then consisted of 
albumose. Nearly all the globulin had been removed, as shown by the 
almost complete solubility of the nitric acid precipitate in boiling. 

The properties of this albumose were then investigated. 

(a) As before stated it is precipitated by boiling. The extent of — 
this precipitation was tested ; thus after boiling in neutral solution, and 
filtering, the filtrate became cloudy on falling into the cool test-tube, 
and when returned till clear was found still to give a cloudiness on 
heating; this was again filtered off, when boiling produced no further 
cloudiness in the filtrate, and nitric acid only a slight cloudiness. 

The incomplete precipitation of the body by the first boiling, and 
the fact that the clear hot filtrate becomes turbid on cooling, shows 
that the ‘albumose is slightly soluble at a boiling temperature, and is 
re-precipitated by cooling: further, this reaction explains the peculiar 
behaviour of the filtrate of the boiled watery and saline extract of the 
juice. 

The precipitate obtained by boiling the solution of the albumin is 
not coagulated proteid in the ordinary sense of the term. It is 
insoluble in 10°/, magnesium sulphate or sodium chloride solution, but 
is soluble in ‘2°/, sulphuric acid, and in ‘2°/, potash solution, more 
readily in the former than in the latter, 

The solution in the dilute acid is not acid albumin, since nitric acid 
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gives a precipitate soluble on heating, coming down again on cooling, 
redissolving on heating etc.: the precipitated proteid then retains the 
character of an albumose. It is not precipitated from the acid 
solution by boiling, but comes down on neutralisation, the precipitate — 
being soluble in excess. Moreover, with excess of potash and a trace of 
copper sulphate, it gives a biuret reaction. In this solution then it 
resembles acid-albumin in not being precipitated by boiling, and in the 
fact that the neutralisation precipitate is insoluble in water, but soluble 
in excess of alkali. The solution of the precipitated albumose in ‘2°/, 
potash solution behaves in a similar manner to the acid solution. 

_ Precipitation temperature of B-phytalbwmose. From many experi- 
ments it was found that the solution became cloudy at 78°C., the 
cloudiness increasing to 82°C., at which temperature a precipitate fell 
in a minute or two. This precipitate was filtered off; the filtrate again 
heated became cloudy at 83°C. (85° C.) depositing a flocculent. preci- 
pitate at 92°C. (95°C.); the liquid was raised to the boiling point 
and filtered. The filtrate still gave a cloudiness on boiling, showing, as 
was before seen, the difficulty with which this body is precipitated 
by heat. | 

The precipitates which fell at 78°—82°C, and 85°—95°C. 
(83°—92° C.) were both soluble in dilute acid and alkali, they were both 
in fact the precipitated albumose. The behaviour of this body to 
heating is then peculiar and unlike any other precipitable proteid yet 
known. 

Moreover, if the liquid be made acid, so that it just gives a reaction 
with delicate test paper, the albumin is very imperfectly precipitated 
from solution, and the point at which this precipitation occurs is 
raised, a cloudiness not appearing till 90°C., increasing to 98°C. If 
slightly more acid be added, no precipitate is found at all. 

(8) The albumose in solution is readily precipitated by nitric and 
hydrochloric acids, but not by glacial acetic acid unless potassic ferro- 
cyanide be added The nitric acid precipitate is soluble in excess, and 
on boiling, provided the heating be gradual: it reappears on cooling, 
redissolves on heating etc. The precipitate becomes less and less 
soluble on heating, the more sodium chloride or magnesium sulphate is 
present—a fact emphasized by Kiihne and Chittenden as a property 
of the albumoses they investigated. The nitric acid precipitate if 
removed by filtration is readily soluble on adding distilled water: it 
gives a well-marked xanthroprotein reaction. 

(y) Its solutions give a precipitate with basic acetate of lead, 
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insoluble in excess. No precipitate falls on adding mercuric chloride, 
even if the solution be made acid, and none could be obtained with 
copper sulphate : it gives a faint biuret reaction. 

(5) As has been seen, saturation with sodium chloride causes a 
ready and copious précipitate in neutral solution, complete if this be 
made slightly acid. Magnesium sulphate to saturation prompitates the 
albumose less completely. 

Dialysis, continued till all magnesium and chlorides are removed and 
only a trace of sulphates is present, causes no precipitate. _ 

(ec) Behaviour of the albwmose to dilute acid and alkali. The 
solution made slightly. acid with dilute sulphuric acid may be heated 
_ gradually until boiled without causing any precipitate. This we have 
before seen. Neutralisation of the acid liquid causes a precipitate, 
insoluble: in distilled water, and in 10% NaCl solution, but readily 
soluble in ‘2% KHO and -2/ H’SO,. As regards solubility then this 
neutralisation precipitate behaves very much like the albumose when 
precipitated by heat: its resemblance to an albuminaie will.be noticed. 
Neutralisation however does not precipitate all the albumose, since the 
filtrate gives a marked cloudiness on boiling, and a precipitate with — 
nittic acid behaves like an albumose. From these results we may 
conclude that dilute acids change the albumose in part into a body 
resembling an albuminate and the coagulated albumose; and also that 
the body is in part unaffected, as shown by the reactions of the filtrate 
after neutralisation. 

Dilute alkali has still less action on the albumose. However 
gradual the heating may be, in a flame or in an incubator at 35°—40° C. 
for 24 hours, neutralisation causes only a slight precipitate soluble in 
excess of acid, and the filtrate gives reactions exactly the same as before 
the action of alkali. . 


Fractional precipitation by magnesium sulphate and sods sulphate 
acid solution. 


‘We have seen from the experiment just scaled that the globulin 
and £-phytalbumose are precipitated by saturation with magnesium 
sulphate in neutral solation—the former completely, the latter incom- 
pletely. We have moreover seen from previous experiments that 
a-phytalbumose is not precipitated in neutral solution, but only in acid. 

In the present experiment, therefore, we should expect the mag- 
nesium sulphate precipitate to consist of globulin and the two albu- 
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moses. This was found to be the case. A 15% NaCl extract of the 
dried juice was saturated (while acid) with magnesium sulphate, being 
shaken for 4 hours on an engine: the dense precipitate was removed. 
Further shaking for periods of 2 and 3} hours also caused precipitates 
which were filtered off. The several precipitates were washed with a 
saturated solution of ve sulphate, and dissolved by adding 
distilled water. 

~The last filtrate after saturating with magnesium sulphate was 
shaken with sodium sulphate, causing a slight precipitate, which was 
washed with a saturated solution of sodio-magnesium sulphate. and 
dissolved by adding water. 

After saturation with sodium sulphate, the filtrate gave no pre- 
cipitate on boiling, or with nitric acid: and hence contained no proteid, 
precipitable by the neutral salts used ; it was ‘therefore examined for 
peptones. 

1. The magnesium sulphate scinsiglians was found to consist of the 
globulin and the two albumoses. After dialysing the solution for 
5 days in running water, the globulin was precipitated, and the 
albumoses remained in solution, giving the reactions previously detailed 
as characteristic of them. | 

2. The sodio-magnesium precipitate consisted almost wholly of 
a-phytalbumose, there being a trace of coagulable proteid present, 
which was presumably the albumin previously described. It was in too 
small quantity to decide as to its character. 

3. The filtrate, as before stated, gave no precipitate with boiling or 
nitric acid. Boiled with ferric acetate in neutral solution, the filtrate 
gave no biuret reaction and no precipitate with acetic acid and meta- 
tungstic acid, showing the absence of peptones. 

Fractional precipitation then by these salts, viz. saturation with 
magnesium sulphate, followed by sodium sulphate, does not in this 
instance teach us more than simple saturation with magnesium 
sulphate; since, as is seen, this salt precipitates the globulin and 
albumoses present, leaving a small quantity of a-phytalbumose in sulu- 
' tion; this was readily thrown down on shaking with sodium sulphate. 
If any vitellin or albumin were —s they would also be in the 
sodium sulphate precipitate. 

This method of precipitating a mixture of proteids in an unchanged 
form from solution, first performed by Professor Schifer’, is one of the 


: 1 This Journal, Vol. m1, p. 184. 


al 
if 
¥ 
a 
q 
ng 
on 
3 
b 
+9 


352 MARTIN. 


most valuable in analysis. It has been used both by Schafer and 
Halliburton’ for separating the proteids of serum—which consist 
speaking broadly of albumen and globulin; it may be extended to the | 
separation of albumoses. | 
It is not proper to generalise from the analysis of only one mixture 
of plant proteids, but the following extended table may be given for the 
guidance of future researches, which alone can decide how far the 
existence of the albumoses described are general in the vegetable 
kingdom. 
1. The precipitate from a 107/ NaCl extract by saturation with 
magnesium sulphate in neutral solution will consist of, 
Globulins of the myosin and paraglobulin type. 
B-phytalbumose of the character above described. 
In acid solution, 
Also of a-phytalbumose (vegetable ‘peptone, Vines’ hemial- 
bumose). 
2. The precipitate in neutral solution by saturation with silane 
sulphate after saturation with magnesium sulphate will consist of, 
vegetable albumin, 
vegetable witellin, 
a-phytalbumose. 
The vitellin may be separated from the albumen by dialysis, being 
precipitated ; or by dilution of the liquid and the passage of a current of 
sie, through it for some hours. 


The method just described is also usefully supplemented by a 
fractional precipitation by heat, which was performed with the following 
results in a neutralised 107/ NaCl extract of the juice. 

The liquid became cloudy at 70° C., the cloudiness increasing to 74’ C., 
at which point it settled to a fine precipitate in a short time. The 
liquid was filtered. The filtrate, heated again, became cloudy at 78°C., 
the cloudiness increasing to 82°C., at which temperature a precipitate 
fell, soluble in 2°/, H*SO,. The precipitate being removed, the filtrate 
became cloudy again at 83° C., increasing to 92° C,; the liquid raised 
to 100° deposited a fine precipitate, which was soluble in 27 KHO. The 
liquid being filtered, the filtrate gave a precipitate with nitric acid, 
mostly soluble on boiling, coming down again on cooling etc. 


1 This Journal, Vol. v. 
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_ From what we have previously seen the first precipitate was the 
globulin; the second and third 8-phytalbumose precipitable by heat ; 
and in the last filtrate was the a-phytalbumose. 


Lewcin and Tyrosin in the juice. 

The juice extracted with boiling absolute alcohol and filtered, 
deposited impure crystals of leucin and tyrosin: it contained no proteid, 
but gave Scherer’s test for leucin and Hofmann’s for tyrosin 
(Millon’s reagent). 

Leucin is in much greater abundance than tyrosin 


A summary may now be given of the proteids present in the juice 
examined. 

1, Globulin, soluble like other bodies of its class only in saline 
solutions, precipitated from these by saturation with sodium chloride 
and magnesium sulphate, by dialysis, and by diluting many times and 
passing carbonic acid through the liquid. Coagulation temperature in 
10%, NaCl solution 70°—74’ C, 

Weyl’ has described two forms of globulin as occurring in plants, 
which he calls vegetable myosin and vegetable vitellin, the former 
precipitated by saturation with sodium chloride and coagulated by heat 
(in 10°/, NaCl) at 55°—60° C.; the latter not precipitated by saturation 
with sodium chloride, and coagulating at 73°C. in 10°/, NaCi solution. 

The globulin described above agrees with vegetable myosin in all 
properties except the coagulation temperature, which is much higher, 
70° C.—73° C., this being indeed nearly the temperature Wey] gives for 
the coagulation point of vitellin. However the globulin differs from 
vitellin in being precipitated by saturation with sodium chloride. It 
corresponds indeed neither to plant-myosin nor to plant-vitellin: it is 
more related to paraglobulin than to any other animal globulin. 

2. An albumin, soluble in water, not sr by saturation 
with neutral salts, but coagulated by heat. : 

3. Two forms of albumose. 

(a) -phytalbumose. precipitated almost completely by heat, in two 
precipitated by saturation gers sodium sMleside. and magnesium sul- 
phate, like the globulin, but is not thrown down by dialysis. It cor- 

responds in its reaction with the body described by Kiihne and Chit- 


1 Zeits. fiir physiolog. Chemie, 1877-78, Ba. 1, 8. 72. 
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tenden as hetero-albumose, except that it is not guacoemions by 
dialysis, by copper sulphate nor by mercuric chloride. 

(6) The other form a-phytalbwmose is soluble in cold or boiling 
water, and is not precipitated by saturation with NaCl or MgSO, in 
neutral solution: it however comes down after prolonged shaking with 
either salt in acid solution. _ 

This body is the vegetable ‘ peptone’ referred to by Vines as 
hemialbumose. It agrees with Kiihne and Chittenden’s protalbu- 
mose in all points except its non-precipitation by saturation with 
sodium chloride in neutral solution and its non-precipitation by copper 
sulphate. 

Both give a reaction : B-phytalbumose a very faint 
one, a-phytalbumose a well-marked one. 

4. No peptones were found in the juice. 

5. Leucin and tyrosin are present. | 


Proteolytic changes in the proteids. 


Having thus shown the presence of these proteids, the question 
arose as to what change they underwent in artificial digestion by 
papain, as the results obtained might be of aid in ascertaining the 
proteolytic changes in the pu itself. 

It has been said by Vines* that “it is remarkable that the reserve- 
proteids of plants should consist of substances which find near allies in 


the products of the digestion, more particularly the pancreatic, of 


proteids by animals.” 

As opposed to this, however, it may be said that nearly all the 
proteolytic ferments that have as yet been separated from plants have 
been proved to act like pepsin in an acid solution. Such is the 
ferment extracted by Gorup-Besanez’ from vetches, in which it is 
associated with a diastasic ferment ; of a similar character is the ferment 
extracted by Krukenberg’ from the plasmodium of Aethalium sep- 
ticum, one. of the Mycomycetes. Both these ferments act on animal 
proteid in ‘2°/, hydric chloride, forming. peptones. The ferments pro- 
duced by the carnivorous plants have been proved by Darwin, Gorup- 
Besanez, Will and others to act only in an acid medium. That 


1 This Journal, Vol. m1. p. 113. 


* Ber. d. deutsch. chem. Gesell, vit. 1874. Vide also ibid., viii., 1875, p. 1510: in which 
similar ferments from the seeds of hemp, flax, and malt are described. 


% Untersuch, aus dem physiolog. Institute der Univ. Heidelberg: Band. 11. Hft. 3, 1878. 
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extracted by Bouchut' from the fruit of the fig, Ficus carica, acts, 
according to Hansen’, best in an acid medium, not so well in one 
made alkaline with sodium carbonate : this ferment also curdles milk 
at 50°C. 

Of these ferments, it will be seen that the one occurring in the fig 
most resembles papain ; not only in the curdling of milk but in the fact 
that it is capable of acting in a slightly alkaline medium, though not so 
energetically as in an acid one. 

More definite knowledge is certainly requisite concerning the action 
of all vegetable proteolytic ferments: and it is necessary, in order to 
ascertain their rdle in the economy of plants, to test their action on the 
proteids. occurring in association with them, which are usually the 
reserve proteids of the seeds and fruit. This has been done with papain 
in the experiments about to be recorded. 

It is first, however, essential that we should ascertain the distribution 
of a true peptone in plants. All observers have tested the action of the 
proteolytic ferments on animal proteid (fibrin, egg-albumin) and all are 
agreed that peptones are produced ; in some cases hemialbumose as 
well®. 

As we have before stated, no true peptone is found in the papaw 
juice: and Vines states that the body called by previous observers 
‘vegetable peptone’ is hemialbumose, Meissner’s a-peptone. Do these 
vegetable proteolytic ferments, then, form peptones from their associated 
proteids? It is quite possible, d priori, that they do, the peptone 
having as short-lived an existence, as such, as in animal digestion, and 
undergoing a rapid reconstruction into utilisable proteid. 3 

Such questions as these Wii the experiments about to be 
recorded. 

_ We have seen that there are present in papaw juice, a globulin, an 
albumin, and two albumoses, one precipitated by heat, the other not, 
leucin and tyrosin being also present. The action of papain on each of 
these proteids was tested. | : 

In all cases the digestive mixture was neutral, since the fresh juice 
itself is neutral‘. Both the watery and saline extracts of the dried juice 
used was acid, but this is due to decomposition, acid albumin being formed. 
Control flasks without the ferment were in all cases prepared, so as to 
compare the action, and thymol was seas to prevent decomposition, 

which it effectually did. 


"1 Compt. Rend , xct. Juillet, 1880. Biologisches Centralblatt, 1884, 
3 Krukenberg, op. cit. * Wurtz, Compt. Rend., 1880. 
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Action of papain on a miature of the globulin and two albumoses. 
The magnesium sulphate precipitate of the acid 15°/ NaCl extract — 


of the juice was dissolved and dialysed till nearly all the salt was 
removed: the precipitated globulin was then redissolved by adding a 


small quantity of the salt. This solution then contained a large quantity 
of globulin, about an equal quantity of 8-phytalbumose, and a little 
a-phytalbumose : saturation with magnesium sulphate in neutral solu- 
tion gave a dense precipitate. 

After dilution with water, 1 gramme of papain dissolved and filtered 
was added, and the neutral mixture incubated at 33°—35° C. woe 224 
hours. 

There was a slight precipitate at the bottom of the flask, which was 
filtered off. The filtrate gave only a marked cloudiness on boiling, very 
different from the dense precipitate obtained before digestion, showirg 
that the proteids had undergone some change. Saturation of a portion 
of the filtrate with magnesium sulphate caused only a slight precipitate, 
so little that no correct examination of its character was possible. This 
showed that most of the globulin had disappeared. The precipitate 
was filtered off and the filtrate saturated with sodium sulphate, and then 
shaken with sodio-magresium sulphate to complete the precipitation of 
all the remainder of the precipitable proteid. This saturation caused a 
fairly dense precipitate, which was dissolved in water (after washing 
with a saturated solution of the double salt) and dialysed till there was 
only a trace of sulphates and chlorides present: dialysis made the 
liquid slightly turbid: the liquid was filtered till clear. The filtrate 
gave a precipitate on boiling, insoluble in 10°/, magnesium sulphate, but 
soluble in dilute acid and alkali: in fact consisting of 8-phytalbumose. 
Nitric acid also gave a precipitate, behaving like an albumose, the 
presence of which was further demonstrated by the solution giving all 
the reactions characteristic of the body. The filtrate after boiling 
gave only the faintest xanthoprotein reaction, showing that most, if 
not all, of the a-phytalbumose had disappeared. 

On boiling the original digestive filtrate with ferric acetate (in the 
manner previously detailed) and filtering, it was found that the filtrate 
gave no biuret reaction, no precipitate with nitric acid, or with acetic 
acid and potassic ferrocyanide, but an opalescence with acetic acid and 
metatungstic acid, showing the presence of a mere trace of _— 
Leucin and tyrosin were also found in this filtrate. 
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_ This experiment therefore shows, that by the digestion of a mixture 
of globulin, a-phytalbumose and 8-phytalbumose with a large quantity 
of papain in neutral solution, the globulin almost entirely disappears, the 
a-phytalbumose completely so; the chief proteid in solution being 
8-phytalbumose, a slight trace of peptone being present. From the ab- 
sence of a-phytalbumose, it may be presumed that the globulin has become 
changed partly into the other albumose, partly into peptone, which has 
split up into leucin and tyrosin. Again, the absence of a-phytalbumose 
may be explained by a change into peptone, and then into leucin and 
tyrosin. The presence of the large quantity of 8-phytalbumose may be 
explained either by considering that the quantity of ferment was 
insufficient to produce any further change, or that it is an anti-product, 
and incapable of further change by the ferment: both causes, of course, 
might act. This was therefore tested by digesting with a fresh quantity 
of ferment. | 


Action of papain on 


The solution of B-phytalbumose was digested at 44°—45°C. for 
224 hours with a small quantity of the glycerine solution of puri- 
fied papain (previously described): an experiment without the ferment 
being performed at the same time. After digestion, there was a pre- 
cipitate in the liquid (? the anti-residue), slightly soluble, but with 
great difficulty, in 10°/, sodium chloride solution, from which it was 
precipitated by nitric acid. After filtering the digestive liquid, boil- 
ing gave only a marked cloudiness, mostly soluble in dilute acid, 
and a similar cloudiness with nitric acid, soluble on boiling. As 
compared with the liquid incubated without the ferment, the differ- 
- ence was marked, the latter giving a dense precipitate with boiling 
and nitric acid. Further, after boiling and filtering, the liquid gave 
only a slight opalescence on boiling, no cloudiness with nitric acid, 
but a marked xanthoprotein reaction, a biuret reaction, and a fine 
precipitate with acetic acid and potassic ferrocyanide: saturation with 
sodio-magnesium sulphate also caused a precipitate. Most of the 
albumose had then disappeared, and in its place was a body which is 
found in the filtered liquid after boiling. This body is not a true 
peptone, since it is precipitated by acetic acid and potassic ferrocyanide, 
and by saturation with the double salt: it is not a-phytalbumose, since 
it is not thrown down by nitric acid. It is, moreover, not precipitated 
by boiling with ferric acetate, nor by saturation with sodium chloride or 
magnesium sulphate alone: but basic acetate of lead gives a precipitate 


PH. VI. : 26 


(ah 
3 
4 
& 
a 
4 
MY 
7 
oy 
4 
9 
4 
‘a 
«a 


soluble in excess, and mercuric chloride gives a cloudiness. The exact 
relations of this body I am at present unable to state: it resembles 
most nearly Meissner’s b-peptone; it is also like Kiihne and 
Chittenden’s deutero-albumose’, but it differs in the fact that a 
solution made slightly acid with acetic acid does not become, like 
deutero-albumose, cloudy on warming. These two bodies, deutero- 
albumose and b-peptone, bear such a close resemblance to each other 
that it is rather like splitting a hair to try and distinguish them. 

However this may be, the experiment shews the transformation of a 
greater part of the 8-phytalbumose into a peptone-like body: leucin 
and tyrosin are here also bye-products. 


Action of the ferment on a-phytalbumose. 


A solution of this body was prepared by boiling an aqueous 
extract of the juice (after neutralisation), and filtering till quite clear. 
This liquid gave ‘the reactions previously described as characteristic of 
the body: the chief of which are that there was no precipitate on | 
boiling, but a dense one with nitric acid. 

Digestion in neutral solution with the cinhacnger® extract of. the 
purified papain was continued for 23 hours at 40°—45°C. After 
digestion there was a slight flocculent deposit in the pier which was 
filtered off. The clear filtrate gave no precipitate on boiling, and only 
a slight cloudiness on adding nitric acid, showing the disappearance of 
most of the albumose. The liquid moreover gave marked xantho- 
protein and biuret reactions, and a precipitate with acetic acid and 
potassic ferrocyanide. Boiled with ferric acetate, the filtrate gave no 
cloudiness with nitric acid (showing the absence of a-phytalbumose), but 
a precipitate with acetic acid and potassic ferrocyanide, and acetic acid 
and metatungstic acid: also a biuret reaction. Further boiling of the 
filtrate with ferric acetate did not remove the body giving a precipitate 
with acetic acid and potassic ferrocyanide. Saturation with sodio- 
magnesium sulphate caused a precipitate. We have then evidence of 
the formation from a-phytalbumose of the same body which is a product 
of digestion of @-phytalbumose. Many experiments confirmed both 
these results: there was no evidence of a true peptone being formed. 

Leucin and tyrosin are also formed. 


1 Op, cit. p. 28. 
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die on the albumin. 


A solution of the albumin was prepared as before. It donned a 
trace of a- but no #-phytalbumose: the precipitate on boiling was 
wholly coagulated proteid. | 

The solution was digested with purified papain for 27} hours at 
42°C. After digestion, there was a slight deposit in the liquid which 
was filtered. The filtrate gave a precipitate on boiling, mostly soluble 
in ‘2°/, KHO, and a precipitate with nitric acid, mostly soluble on boil- 
ing, and behaving like an albumose. The filtrate after boiling gave a 
cloudiness with nitric acid, and a fairly well-marked xantho-protein 
reaction: no biuret-reaction with copper-sulphate and excess of potash. 

A great part of the albumin had then been changed into an 
albumose, chiefly 8-phytalbumose, since saturation with sodium — 
in neutral solution caused a dense precipitate. 

_ [have not investigated the further changes of the albumin, as s the 
stock of material was exhausted. 

_ From this series of digestive experiments, we see that the glabulin 
undergoes a change into §-phytalbumose and that this becomes a 


peptone-like body and forms leucin and tyrosin. The albumin’ also’ 


undergoes a change into the same albumose. The oe : 
becomes a b-peptone and splits up into leucin and tyrosin. 

Such changes probably go on in the plant itself, though too much 
stress must not be laid on the point. The artificial digestion was 
performed in a much greater excess of liquid than is present in the ~ 
juice itself: so that the slow digestion occurring above would be still 
slower in the plant. This very slow proteolysis would limit the 
formation of the peptone-like body, und thus the production of leucin 
and tyrosin ; for we- know of no other mode of formation of these two 
bodies by a proteolytic ferment, but by the splitting up of a peptone. 

To what extent this peptone is formed in the plant, and further how 
much of it formed is split up into leucin and tyrosin must be left 
unsettled. The small proportion of it present under the most 
advantageous conditions of artificial digestion would point as ‘to 
the fact that it is not a proteid which circulates. 

The proteids which then would circulate would be the albumoses, as 
being more soluble than the globulin or albumin: and this supposition 
would agree with an observation of Vines, in which he found hemi- 
albumose in quantity in the cotyledons of germinating Lupinus hirsutus, 
and none in the seedlings, only asparagine. | 
26—2 
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Extended observations are necessary as to the proteolytic changes 
in the reserve proteids of plants. It is not sufficient to test the action of 


_ the ferments found on animal proteids; we must extend the experiments 


to the proteids with which the ferment is associated. 

It is evident moreover that too general a deduction cannot at present 
be drawn as to the nature of the proteolytic change, as to whether 
the agent acts like animal pepsin or like trypsin. Many observers, some 
of whom have been quoted, have shewn the existence of vegetable 
ferments like pepsin: papain however is the only one which has as yet 
been proved to act like trypsin, and then its normal action takes place in 
a neutral medium. The ferment in Ficus carica seems to resemble it, 
but as the juice of the unripe fig is acid, the resemblance cannot be 
very marked. Why,. indeed, there should be a pepsin-like ferment in 
some plants and a trypsin-like in others is as much a problem as why 
there should be the two forms in mammals. Experiments and observa- 


tions are as yet too scanty to draw any conclusions as to the evolution 


of ferment-processes in plants and the lower animals: a wide field is 
still open. 

I cannot conclude without expressing my indebtedness to the 
classical researches of Kiihne and Chittenden, which have thrown sO 
much — on the processes of a in animals. 
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REGARDING THE INFLUENCE OF THE ORGANIC 
CONSTITUENTS OF THE BLOOD ON THE CON- 
TRACTILITY OF THE VENTRICLE. By SYDNEY 
RINGER, F.RS., Medicine at University 
College, London. sais IX.) 


PART I. 


KRONECKER’ and his pupils Martius and Von Ott stoutly maintain 
that the frog’s heart does not feed on its own substance, and that as soon 
as nutritive fluid is withdrawn its contractility ceases. They further 
assert that only fluids containing serum-albumin are adequate to 
sustain the heart's contractility. 
In common with other observers they find that if a ventricle is fed 
with ‘6°/, saline solution contractility soon ceases, and a strong induction 
shock will not excite a contraction, They conclude that the suspension 
of contractility depends on the saline solution washing out all nutritive 
material from the heart's cavity and the meshes of its spongy substance. _ 
Merunowicz’ however finds that the dissolved ash of incinerated 
_ blood furnishes a good fluid for supporting the heart’s contractility, and 
Gaule’® concludes that the essential agent in the ash which sustains the 
contractility is an alkaline carbonate. Like subsequent observers he 
-too finds that the addition of an alkaline sodium salt, even in small 
quantity, to saline solution enables it to sustain contractility longer than 
when simple saline solution is used. This fact leads him to differ from 
Kronecker, and he avers that the heart can feed on its own tissues 
and derive from them the materials required for a contraction. Martius 
objects to this conclusion, and maintains that alkaline solution contain- 


1 Martius. Du Bois-Reymond’s Archiv, 1881, p, 474. Kronecker and Von Ott. 
Ibid. p, 569, Martius. Ibid. 1882, | | 

2 Arbeiten aus der Physiologishen Anstalt zu Leipzig. 

Du Bois-Reymond’s Archiv, 1878, 291. 
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ing caustic soda may act by combining with the carbonic acid formed 
by the contraction and thus save the muscular tissue from asphyxia. 

In several papers published in this Journal I have shown that the 
addition of a lime salt to saline solution will prolong the period of 
contractility to a much greater extent than an alkaline sodium salt, but 
the character of the contractions undergoes much alteration. Further, I 
have shown that the addition to the circulating fluid of a physiological 
quantity of a potassium salt will entirely obviate these alterations, and 


that this addition adds greatly to the duration of contractility. Indeed a 


fluid consisting of 100 c.c. of °6°/, sodium chloride solution containing 1 c.c. 
of sodium bicarbonate, 1 c.c. of caleium chloride, and ‘75 c.c. of potassium 
1°/, solutions will, in some months, sustain contractility for one or two 
hours, and even at the end of three hours with the ventricle of a well- 
nourished frog I have found the contractions as good as at the beginning 
of the experiment, 

In an experiment made in J uly I found that a saturated solution of 
phosphate of lime in distilled water containing ‘6°/, sodium chloride 


and one part in 10,000 of sodium bicarbonate, and one part in 20,000 of 


potassium chloride, sustained good contractions for three hours and a 
half, when the experiment was discontinued. 

On July 9, a ventricle in Roy’s apparatus, fed with saline solution 
saturated with phosphate of lime, and each 100c.c. containing 1 c.c. of 
1°/, solution of potassium chloride, beat almost completely for three 
hours, when the experiment ceased for want of time. 

On the same day, a ventricle fed with the same solution, and placed 
in an open vessel containing the same solution, retained contractility for 
more than eight hours. 

I find moreover that a circulating fluid einigieed of saline, made 


with tap water of the New River Company, containing to each 100 c.c., 


lee. of 1°/, solution of potassium chloride will sustain contractility for 
many hours. I will now record some experiments’ made in May and 
June. I fed the detached ventricle with this “tap water” circulating fluid 
through a perfusion cannula, the ventricle being immersed in a similar 
fluid. 

In one experiment, ten -hours afterwards, the contractions were 
complete on stimulation, and spontaneous beats continued a little while 
after its withdrawal. After twenty-seven hours the ventricle still 
contracted. In another experiment contractility persisted more than 


1 Except when the contrary is stated these experiments were made with Roy’ 8 tonometer 
and the ventricle of the English frog was employed. 
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twenty-four hours. In another it lasted twenty-eight hours. In three 
others the contractility remained good for eight hours, but had disappear- 
ed next morning. In another experiment, made on June 11, the 
ventricle contracted completely and spontaneously 24 per minute 
five hours afterwards, and then quickly grew weak so that in another 
hour it beat very feebly. Now these experiments with phosphate of lime, 
also with tap water circulating fluid, unless it is maintained that the 
organic matter (88 parts in the million) in the tap water is adequate to 
nourish and sustain the heart, prove that the “ventricle can feed on 
itself” ; in other words, it can consume and convert its own tissues 
into combustible material ; or there is combustible substance stored up 
in the muscular tissue which furnishes food to support the contractions. 

We may I think infer that the arrest of contractility with a saline 
solution is not due to the removal of pabulum to support the contractions, 
but that lime and potassium salts are necessary ingredients in a circu- 
lating fluid to supply the conditions essential to the change occurring 
during a contraction. I am driven to the conclusion that there is most 
probably stored up in the muscular tissue material to carry on contrac- 
tions; and that this material cannot be washed out by a fluid circulating 
through the cavities of the heart; and that the amount of stored-up 
material varies with the time of year and the condition of the 


Kronecker maintains that serum albumin alone is an adequate 
food to sustain the contractions of the frog’s heart, and that peptones, 
white of egg, syntonin, myosin, mucin, glycogen and milk are incapable 
of sustaining contractility. In subsequent experiments he found that 
milk, boiled or unboiled, in considerable quantity can nourish the heart 
and sustain its contractility. So also can boiled and unboiled whey, 
and dialysed whey. He maintains that all measures which lessen the 
serum albumin in milk weaken its power to sustain contractility. 

Kronecker draws attention to the great influence of even minute 
quantities of seram albumin in sustaining the ventricle, and my subse- 
quent experiments amply confirm his observation. 

The efficacy of a minute quantity of blood if added eo a sclutiot's con- 
taining the necessary inorganic constituents is well shown in the follow- 
ing way. In attaching the ventricle to the perfusion cannula an incision 
is made through the auricles and of course the blood runs out of the 
ventricle ; but yet enough remains clinging to the inner walls, so that, 
after being attached to the cannula, if 100 c.c. of “circulating fluid” is 
employed and is returned to the reservoir feeding the ventricle, the 
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addition of this minute quantity of blood will sustain ecngeanlity for 
some minutes longer than circulating fluid alone. 


On June 13, I first supplied the ventricle with 100 c.c. of circulating 

fluid, consisting of saline solution with 1 cc. of calcium chloride, 1 c.c. 
sodium bicarbonate, and °75 c.c. potassium chloride 1°/, solutions. After this 
100 c.c. had been through the ventricle, carrying with it the adherent 


blood, I set this aside, and substituted a further quantity of a similar 


fluid; the contractions continued perfect for forty-two minutes and then 
began to grow weak. At this point I fed the ventricle with the 100 cc. 
containing the washings of blood mentioned, and the contractions at 
once improved and became complete. Then I fed the ventricle with a 
fresh supply of circulating fluid, and in a minute the contractions began 


_ quickly to lose in strength; then again I fed the ventricle with the 


100 c.c. containing the minute quantity of blood, and in a few minutes 


the contractions again became perfect, but after sixteen minutes the 


ventricle rapidly lost strength and contractility soon ceased. 
In this communication I have to record experiments, performed with 


the assistance of Dr Buxton, to ascertain the effect of the organized 


constituents of the blood and similar bodies, Like all previous observers, 
I of course find that blood or serum well sustains the heart’s contractility ; _ 
but I trust to show that blood or serum is quite inadequate to effect 


_ this unaided by inorganic substances, as lime and potassium salts, in 


addition to sodium chloride and an alkaline sodium salt. 

It is well known that the addition of one part of whipped blood or 
serum to two parts of normal saline will sustain contractility for a day 
or more. Now I shall show that this quantity of blood or serum 
contains enough lime potassium and alkaline sodium salts to support 
contractility, and that, were inorganic salts added to simple saline, then 
a much smaller quantity of proteid matter would be sufficient to 
sustain contractility ; and that without lime and potassium and alkaline 
sodium salts even large quantities of dialysed whipped blood or serum 
are inadequate to sustain normal contractions, or probably any con- 


-tractions at all. 


For instances I record experiments, where 1 c.c. of whipped blood, 
or lec. of serum, or lec. of milk added to 100cc. of normal saline 
containing physiological quantities of lime, potassium and alkaline 
sodium salts, sustained contractility from twenty-four to thirty-six hours. 
I put on record also experiments made with dialysed blood to show 
that blood from which the salts have been removed cannot sustain 
contractility ; and that to sustain contractility we.must add potassium 
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and alkaline sodium salts as well as sodium chloride; and I shall 
further show that it is not necessary to add a lime salt, since this 
cannot be dialysed from blood, for after dialysis on incinerating the 
blood plenty of lime can be detected in the ash. 

Unlike Kronecker I find white of egg albumin and gelatin 
capable of sustaining the heart’s contractility, though both are for 
this purpose less efficient than blood. | 

In previous communications it was shown that a solution containing 
simply inorganic salts, namely saline solution ‘6°/, containing 1 part 
in 10,000 of calcium chloride, 1 part in 10,000 of sodium bicarbonate 
and 1 part in 15,000 of potassium chloride will, for several hours, sustain 
the heart's contractility unimpaired. I find however that in certain 
months, notably in March and April, May and June, this solution is 
much less efficient. 

In May and June however this circulating fluid is more effectual, 
if an additional quantity of calcium chloride solution is added, as 
for instance, °5 c.c. of 1°/, solution to each 100 c.c. | 

During March and April, in from fifteen to thirty minutes, after the 
ventricle has been supplied with the fluid just mentioned (which 
throughout this paper will be called circulating fluid) there occurs some 
delay in dilatation, especially at its termination. The summit of the 
trace often becomes rounded. If the ventricle beats frequently, fusion 
occurs, with slight tonic contraction, so that the trace rises above the 
base line. After a short time, the contractions grow weaker till 
contractility ceases. 

In warmer weather, as in May and June, the changes are somewhat 
modified. After a period varying from half an hour to an hour the 
summit of the trace becomes sharper, dilatation is a little delayed 
especially at its termination and the height of the trace becomes reduced. 
At this time the height of the trace depends on the frequency of the 
contractions. If a contraction is excited immediately on the conclusion 
or before the complete dilatation of the preceding contraction, the trace 
of the second rises less high than the trace of the first contraction. 
The contractions continue to grow weaker, and the effect of the 
length of the diastole becomes still more marked, so that the second 
of two contractions, one immediately following the other, may be very 
weak and not even a quarter the height of the preceding beat. With 
some hearts, when getting weak and not beating spontaneously, an 
excitation induces a contraction followed by a quick succession of 
spontaneous beats, regular or irregular in rhythm, the first beat being 


é 
i 
a 
a 
‘ 
bs 


366 S. RINGER. 


much. stronger than the succeeding frequent contractions, and if the 
ventricle beats irregularly the strength of each beat depends on the 
length of the preceding diastole. At last the contractions grow very 
weak and contractility disappears. 

The changes which occur in March and April are just like the 
changes that take place when the ventricle is fed with saline solution © 
containing a physiological quantity of a lime salt ; and a physiological 
quantity of a potassium salt will quite obviate the occurrence of 
these effects proceeding from a saline containing alime salt. It removes 
the tonic contraction, accelerates dilatation, and so obviates fusion 
and prevents weakening of the contractions. 

_ I will here draw attention to the fact that the changes developed 
during May and June are just like the effects induced by veratria. 

If a small quantity of fresh blood (lc.c. of whipped blood) or 
‘2 grammes of dried bullock’s blood is added to 100 c.c. of circulating 
fluid these effects speedily disappear. The contractions strengthen 
again, the dilatation becomes rapid, fusion of the beats disappears, tonic 
contraction ceases and good contractions persist for hours. 

It occurred to me that possibly the effect of blood might be due to 
the salts it contains. So I next experimented to ascertain whether 


these effects were due to the inorganic or the organic constituents of 


blood. | 
The character of the trace under the influence of circulating fluid 


_ suggested that lime effects were in excess of potassium effects. I 


therefore added more potassium chloride, though without effecting any 
change in the character of the trace; and even with the addition of large 
doses of potassium chloride the trace presented the same characters, 
but grew more rapidly weak. 

The addition of a further quantity of calcium sleds with potassium 
chloride did not modify the character of the trace. . 

It is obvious then that the effects of circulating fluid in March and 
April are not due to the too little potassium or calcium salts contained 
in the fluid. 

I next tested whether the addition of phosphate of inition would 
influence these characters of the trace. On adding to 100 c.c. of the 
circulating fluid 1 ¢.c. of 1°/, solution of rhombic phosphate of sodium I 
found that this salt entirely prevented the delay in dilatation and for a 
short time strengthened the beat, but the contractions soon grew much 
weaker, although I added successive doses of sodium phosphate, 7 c.c. 
in all. Sodium phosphate therefore favours dilatation and so prevents 
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the delay which occurs with circulating fluid, but it does not, like small 
quantities of blood, strengthen and sustain the ventricular contractions. 

I next experimented to ascertain whether this action of phosphate 
of sodium could be due to its alkalinity. I added sodium bicarbonate 
to the circulating fluid and find that this acts just like sodium 
phosphate, accelerating dilatation without sustaining the contractility of 
the ventricle. 

It is obvious therefore that the effects of a stiiall quantity of blood 
added to the circulating fluid cannot all be attributable to the inor- 
ganic constituents, but are in all probability due to the organic 
substances. 

In order to prove this more conclusively, I dialysed both dried 
blood and fresh bullock’s blood to separate all the salts and mee tested 
the effect of the dialysed blood.. 

I made a series of experiments with dialysed dried blood and a 
similar series with dialysed fresh blood. I dialysed the blood from two > 
to seven days, and during the whole of this time it remained quite 
fresh. Prolonging the dialysis beyond two days does not further modify 
the effect of the dialysed blood. 

_ With one exception the dialysed dried blood behaved in all respects 
like dialysed fresh blood. 

This dialysed blood (1 ¢.c. to 100 c.c.) quite removes or prevents the 
effects of circulating fluid set forth at the beginning of this communi- 
cation and maintains perfect contractions for many hours. 

It was necessary now to make experiments to ascertain if the salts 
were separated by dialysis from the proteid substances of the blood. 7 

I mixed dialysed dried blood in distilled water so that the solution 
contained the equivalent of 50°/, of fresh blood. Having taken a trace 
with 100 c.c. of circulating fluid, containing ‘2 grammes of dried blood, 
I replaced this by 100 cc. of the solution of dialysed blood. The 
ventricle quickly passed into systole, just as the ventricle does when fed 
with distilled water alone, an effect prevented entirely by the addition — 
of sodium chloride to distilled water. 

This experiment plainly shows that the greater part if not the 
whole of the sodium chloride is dialysed out. 

On adding ‘6 grammes of sodium chloride to the dialysed blood 
solution the persistent spasm speedily relaxed, though only weak 
contractions ensued. I added first 1 c.c. of 1°/, solution of calcium 
chloride, which quickly strengthened the contractions, and next 1 c.c. of 
1°/, sodium bicarbonate solution. Perfectly good contractions returned, 
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but 'they showed the character of a trace recorded by a ventricle fed 
_ “with saline solution containing calcium chloride and sodium bicarbonate, 
~ unantagonised by a potassium salt. 

So I then added °75 c.c. of 1°/, solution of potassium chloride, and 
this dose quite obviated the delay in dilatation, and produced normal 
contractions just like those at the beginning of the experiment. 

The delay in dilatation and the effect of a physiological dose of 
potassium chloride (1 in 15,000) in preventing this delay show that all 
or most of the potash salts were dialysed out of the organic con- 
stituents. 

The same occurs with dialysed fresh blood. 

These experiments I then repeated in a somewhat modified form. 

I took a trace with 100 c.c. circulating fluid containing ‘2 grms. of 
dried blood and replaced this by 4 grms. of dialysed dried bullock’s blood in 
100 c.c. distilled water, and added 1 c.c. of 1°/, solution of calcium chloride 
and 1 cc. of 1°/, solution of sodium bicarbonate. This solution threw 
the ventricle into a state of persistent spasm (tonic contraction). Then 
I added ‘6 grms. of sodium chloride which relaxed the spasm with 
return of good contractions with very great delay in dilatation. The 
addition of °75 c.c. of 1°/, solution of potassium chloride removed the 
delay in dilatation and produced quite normal beats as good almost as at 
the beginning of the experiment. These effects are shown in Plate IX. 
Figs. A—G. 

This experiment shows moreover that dialysis removes the whole or 
the greater part of the potassium salts from the blood. 

I then made the following series of experiments : 

I took a trace of the ventricle fed with circulating fluid, and replaced 
it with 50 .c. of fresh bullock’s blood (dialysed for five days), with 50 c.c. 
of distilled water, containing ‘6 grms. of sodium chloride. Contractility 
remained good, but the character of the trace became modified, and 
assumed the characters that occur when the ventricle is fed with saline 
solution containing a physiological quantity of a lime salt. The 
strength of the contraction increased so that the trace rose higher. 
The trace became broader also and rounded at its summit, and then 
dilatation became delayed, causing fusion of the beats and some tonic 
contraction. The subsequent addition °75 c.c. of 1°/, solution of potassium 
chloride (1 to 15,000) obviated most of these effects. The dilatation 
became accelerated, the fusion and contraction ceased, and a normal 
trace ensued similar to the trace at the beginning of the experiment. 
The contractions soon grew weak, but again became quite strong 
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on adding lcc. of 1°/, solution of calcium chloride. These effects 
are well shown in Plate IX. Figs. H—O. 

In repeating this experiment, but with blood dialysed for eight 
days, I obtained the same results. 

The same result followed with dialysed dried bullock’s blood, but 
with this difference :—that after adding potassium chloride, to obviate 
the delay in dilatation, the heart soon began to beat very inco- 
ordinately and the addition of calcium chloride and sodium bicarbonate 
rather increased than lessened this irregular action. 

In this experiment then, after five (and in another experiment 
eight) days of dialysis, on adding ‘6 grms. of sodium chloride to 
a mixture composed of 50c.c. of blood and 50c.c. of distilled water, 
the contractility remained good, but the contractions assumed the 
character they display when the ventricle is supplied with saline 
containing only a calcium salt. A physiological quantity of potassium 
chloride obviated these effects, but after the addition of this the 
contractions, though normal in character, grew feeble. From these 
experiments it is obvious either that the nitrogenous constituents 
are capable of sustaining contractility without the intervention of 
lime, and that they produce the same character of trace as is produced 
by lime, and that these effects are obviated, as with lime salts, by a 
minute quantity of potassium chloride, or lime salts are combined with 
the organic constituents of the blood and cannot be dialysed out, and 
thus affect the ventricle, causing the same character of trace which 
follows the addition of lime salts to saline solution. 

I next tested whether dialysed blood contains lime. I dialysed 
dried bullock’s blood for three days, first dissolving it in saline. I 
then evaporated and incinerated it, and tested the ash by dissolving 
some of it in weak hydrochloric acid, and neutralizing the filtrate 
with ammonia. On adding ammonium oxalate an abundant deposit 
of calcium oxalate occurred. On another occasion I dialysed the blood. 
for eight days with the same result. The lime therefore is not all 
removed by dialysis, and probably the delay in dilatation we have 
just discussed is due to the retained lime combined with the organic 
constituents. 

Some lime we see is retained after dinlyeis and this at least assists 
to maintain the contractility ; but even if all the contractility sustained 
by dialysed blood is due to lime still only a small quantity of it is 
retained, for the addition of a physiological quantity of potassium 
chloride greatly weakens the contraction. 
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I must conclude then that dialysis removes the sodium and 
potassium salts but is unable to remove all the calcium salt; enough 
remaining to cause good contractions when no potassium salts are 
present, but sufficient only to sustain weak contractions when a 
physiological quantity of a potassium salt is present. | 

I have shown then that imorganic salts even with blood are 
necessary to the contraction of the ventricle. This is certainly the case 
with sodium chloride, potassium chloride, and an alkaline salt. Even 
were it proved that serum albumin has some of the properties of a 
calcium salt, and with the aid of sodium chloride can sustain contractility, 
still I have shown that serum albumin is insufficient in the presence of 
a potassium salt to sustain good contractions, and that to sustain 


_ full contractions a calcium salt must be added. 


_ I shall next show that when the circulating fluid contains sufficient 


- quantity of certain inorganic salts a very small quantity of blood, fresh. 


or dried, or serum, or milk, is sufficient to sustain contractility for many 
hours, even at seasons when circulating fluid by itself will sustain 
contractility only half an hour to an hour. Thus, the addition of I c.c. 
of whipped blood to the 100 c.c. of circulating fluid will maintain 
contractility more than twenty-four hours, The addition of ‘2 to °4 
grammes of dried blood to the 100 c.c. will sustain perfect contractility 
from three to four hours; probably even much longer, but I have not con- 
tinued the experiment beyond this time. Again, l cc. or 2 cc, or 
better, 3.c.c. of milk added to the 100 cc. of circulating fluid will 


sustain contractility more than twenty-four hours. © 


With these small quantities of organic materials however it is 
necessary to have sodium, and potassium, and calcium salts in definite 
proportion, for if these organic fluids are added to simple saline they 
prove quite inadequate to support contractility. However, on adding 
the necessary quantity of potassium, calcium and sodium bicarbonate 
salts contractility at once returns and becomes complete. 

If the blood and serum albumin act as food to the ventricle, 
as Kronecker maintains, it must be the proteid substances that feed 
the muscle and not the carbo-hydrates or fats. For Kronecker finds 
glycogen incapable of sustaining contractility, and in some of the 
experiments he records, the dialysed blood sustained contractility effect- 
ively, and probably the carbo-hydrates would be separated by dialysis. 

I washed dried blood carefully with ether, and on April 28, the 


temperature of the room being 18°C., I first fed the ventricle with 


circulating fluid. In an hour the height of the trace was reduced to 
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dea one half. I then fed the ‘ventricle with 200 cc. of circulating fluid: 
containing *4 grammes of dried ether-washed blood. In eight minutes 
the ventricle had quite recovered and contracted completely; and fifty 
minutes afterwards the ventricle still beat well, the contractions being 
only a very little weakened. : 

I conclude then that the effect of blood added to circulating fluid is 
not dependent on the fats it contains. 

If we accept the view generally held, that blood acts as food to 
the heart and so sustains contractility, the question then arises, which of 
the nitrogenous organic constituents possesses this sustaining power, the 
serum albumin, the globulin, hemoglobin or peptones? Moreover, can. 
nitrogenous bodies other than those present in the blood sustain con- 
tractility. Kronecker, Martius and Ott maintain that serum albu- 
min is the only proteid that can sustain the heart, and they find 
peptones, casein, white of egg, syntonin, myosin, mucus, and glycogen 
incapable of sustaining contractility. 

I first tried white of egg, I added distilled water to white of ege 
so that the solution contained 40 parts of white of egg in 100 parts of 
the mixture, and carefully filtered it. I added 2 c.c. of this mixture to the 
100 c.c, of circulating fluid and performed many experiments varied in 
different ways. 

On April 2, the temperature of the room being 14° C., I supplied the. 
ventricle with circulating fluid containing white of egg mixture. Ninety 
minutes afterwards the ventricle still contracted perfectly. Then I 

replaced the circulating fluid and white of egg by 100 cc. of circulating 
fluid, to which were added 1 ¢.c. of 1°/, solution of calcium chloride and 
1 ec. of 1°/, solution of sodium bicarbonate. These salts were added 
because it seemed possible that the effect of white of egg might be due 
to its salts, and not to its proteid substances. The contractions soon grew 
weaker, and dilatation became delayed. When the height of the trace 
was depressed about one half I again fed the ventricle with circulating 
fluid containing white, of egg; the contractions at once increased in 
strength without becoming quite so strong as they were previous to the 
use of simple circulating fluid. Forty minutes later, and about 160 
minutes from the beginning of the experiment, the contractions had 
become a little weaker. This experiment clearly shows that white of 
egg will greatly aid the inorganic constituents of circulating fluid to 
sustain contractility. | 

I find that 1 c.c. of 40 parts of white of egg in 100 quite sufficient. 
to greatly enhance the efficacy of 100c.c. of circulating fluid to sustain 
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contractility. If however this quantity of white of egg is added to 100 c.c. 
of saline solution the contractions rapidly grow weaker and contractility 
soon ceases, but at once returns on the addition of 1 c.c. of 1°/, solution 
of calcium chloride; and the contractions become quite normal on the 
further addition of ‘75 c.c. of 1°/, solution of potassium chloride. This 
quantity of white of egg without lime and potassium chloride is therefore 
unable to sustain contractility. 

Like dialysed whipped blood so dialysed white of egg, when added 
to saline solution, supports contractility but alters the trace just like 
lime; the dilitation becomes much delayed, and if the contractions are | 
of normal frequency then fusion of the beats occurs. A small dose of 
- potassium chloride will completely prevent the occurrence of these. 

_ As on incineration the ash yields evidence of plenty of lime, I 
conclude that these results are due to the lime combined with the proteid 
substance which cannot be dialysed out. 

Like Kronecker I find that milk very effectively sustains the 
heart’s contractility ; but unlike him I find that a very small quantity, 
2 c.c. to 100c.c., is sufficient if to the circulating saline we add, besides 
the milk, alkaline sodium, potassium and calcium salts. 

On April 22, the temperature of the room being 23° C., I first fed 
the ventricle with circulating fluid. In about fourteen minutes, after the 
ventricle had grown much weaker, I added to the 100 cc. of cir- 
culating fluid 1 c.c. of milk; a great improvement in the contractions 
resulted; and on adding another cubic centimetre, the contractions became 
as good as at the beginning of the experiment. Again, I fed the 
ventricle with circulating fluid until the contractions were reduced 
to one half their previous strength; yet I again added the same 
quantity of milk, and perfect contractions returned, Once more on 
feeding the ventricle with circulating fluid, and when it had grown so 
very weak as scarcely to contract at all, I added milk and again im- 
_ proved the beat, though only to a little more than half the strength of | 
- a at the commencement of the experiment. 

I subsequently fed the ventricle with circulating fluid containing 
some dissolved dried blood, but without increasing the strength of the 
beat. 

On April 23, the saliasdindiee of the room being 19° C., I repeated 
this experiment with milk. 


I first took a trace with 100 c.c. circulating fluid, and in about 


twenty-seven minutes the beats were only half as complete as at the 
beginning, and rapidly grew weaker; experience showing that in a 
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few minutes more contractility would have well nigh ceased. I then 
added 2.c. of fresh unskimmed milk. The beats slowly improved, and 
in about four minutes had quite recovered, and one hour and forty-five 
minutes afterwards the ventricle still beat perfectly; the contractions 
being just as strong as at the beginning of the experiment. 

I next performed on May 9 three experiments, using in the first 
1 cc. of milk to 100 cc. of circulating fluid, in the second 2 cc. to 
100 cc. of circulating fluid, and in the third 3 cc. to 100 cc. of 
circulating fluid. In each experiment the fluid flowed through the 
ventricle by means of a perfusion cannula, and the ventricle was immer- 
sed in a solution of the same composition as that circulating through it. 

In the first experiment the ventricle contracted fully and spontane- 
ously 10 hours, but next morning contractility had ceased; in the 
second experiment the ventricle beat feebly on excitation after twenty- 
four hours; and in experiment three the ventricle still spontaneously 
contracted about one half its original force twenty-four hours from the 
beginning of the experiment. 

_ Milk then like blood effectively sustains the contractility of the 
ventricle. If added to saline only, then larger quantities are necessary, 
so that the milk may contain sufficient of the necessary inorganic salts. 
But if these inorganic salts are added to the saline solution then 2 to 
3 cc, to the 100 cc. of fluid will sustain contractility more than 
twenty-four hours. It is well to state that the _ were weak, — 
been kept a long time in the tanks. : 

I next tested the action of gelatin. I employed Swinbourne and 
Nelson’s carefully prepared gelatin. On April 24, the temperature of 
the room being 16° C., I took a trace with circulating fluid. In about 
forty-eight minutes, on the ventricular contractions beginning to grow 
weak, I added ‘5 gramme of gelatin to the 100 ec. of circulating fluid. 
The contractions completely recovered their lost strength,and so continued 
forty-eight minutes after adding the gelatin. I then replaced the above 
mixture by 100 c.c. of saline solution with ‘& gramme of gelatin. The 
contractions quickly grew very weak. I then returned to the circulating 
fluid containing gelatin, and the contractions improved till they became 
as good as at the beginning and so remained for twenty-four minutes, 
when I was obliged to discontinue the experiment. 

This experiment I repeated with the following result. On April 24 
I first took a trace with circulating fluid. In about fifty-six minutes 
the trace fell to nearly one half its original height. I then added ‘25 
gramme of gelatin to 200 cc. of circulating fluid and the contractions 
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slowly recovered the greater part of their lost strength. I added then more 
gelatin, a gramme in all to the 200 cc. of circulating fluid, and quite 
restored the beats. I then supplied the ventricle with 100 ac. of 
circulating fluid containing ‘25 gramme of gelatin; the contractions 
continued strong, and two hours from the commencement of the experi- 
ment the ventricle still beat perfectly. 

Numerous experiments show that °25 gramme of gelatin added to 
100 c.c. of circulating fluid will maintain perfect contractions for several 
hours, 

I then made on May 6 a series of three experiments. In the first 
I employed a gelatin solution ‘5 gramme of Swinbourne’s best gelatin in 
100 c.c. of circulating fluid. Ten hours later the ventricle on stimulation 
beat fairly well. 

In the second experiment I added to each 100 c.c. of circulating fluid 
1 cc. of blood preserved by adding thymol to it. For seven hours the 
ventricle beat spontaneously. Ten hours from the beginning the ventricle 
contracted nearly completely on stimulation, and twenty-four hours later 
the ventricle still beat feebly. 

In the third experiment I fed the ventricle with circulating fluid. In 
forty minutes the beats were very feeble, indeed the ventricle nearly 
stopped. I-then added 1 ¢.c.-of thymolized' blood to the 100 ce. of 
circulating fluid and the contractions speedily improved, five hours after 
they remained fair, and in twenty-four hours the ventricle, on stimulation, 

still contracted somewhat better than No. ‘II, ) 

On May 7,1 repeated this series. The tentcicde fed with gelatin 
solution lost its contractility in about six hours. The ventricle fed with 
thymolized blood solution ceased contracting in seven hours. The 
_ ventricle fed with circulating fluid had in fifteen minutes almost lost its 
contractility; but, on adding thymolized blood to the circulating fluid, 
the contractions greatly improved, the ventricle contracting about 
one-third, and continued for eight hours from the beginning when the 
experiment was discontinued. 

In these experiments the ventricle was fed through a perfusion 
cannula, and the heart was immersed in a solution of the same 
composition as that circulating through it. | 

On testing Swinbourne’s commercial gelatin with ferrocyanide of 
potassium and acetic acid I found that it contained a considerable 
quantity of proteid matter. This was separated from the gelatin by 


1 Whipped blood preserved by thymol. 
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soaking it in distilled water for three days, changing the water daily. 
The gelatin was then dissolved by heat and poured into alcohol, and the 
precipitate tested as above showed the gelatin to be pure or to contain 
at most only an infinitesimal quantity of proteid matter. 

I first fed a ventricle with circulating fluid and in a little over 
an hour the contraction became very weak, when I added about 
‘5 gramme of pure gelatin to the 100 cc. of circulating fluid. The 
contractions greatly improved in strength, and so remained fifty minutes 
after the addition of gelatin, though the contractions were not so 
strong as at the beginning. On supplying the ventricle with circula- 
ting fluid containing thymolized blood (1 cc. to 100 cc.) the con- 
tractions became complete. 

On May 15 I fed a ventricle with circulating fluid containing pure 
gelatin, about ‘5 grm. to 100 c.c. of fluid. Ninety-six minutes from 
the beginning the ventricle beat as strongly as at first. It then 
gradually grew weaker. Three hours from the start, the trace of the 
contraction had diminished to about one-third the height of the trace 
at the beginning of the experiment. 

On May 13 I performed two experiments. I fed one ventricle with a 
solution containing about ‘5 grm. of gelatin in 100 cc. of circulating 
fluid, and in second experiment I fed another ventricle with a solution 
containing double this quantity of gelatin. 

In the first experiment the ventricle beat feebly on stimulation 
about seven hours later. In the second experiment the ventricle beat 
only about four hours. 

Next day I repeated the experiments using the same solutions. 

In No. L. the ventricle retained its contractility for six hours and a 
half. After the ventricle lost its contractility I replaced the gelatin 
solution by 100 cc. of circulating fluid containing 1 ¢.c. of thymolized 
blood, and the ventricle at once commenced contracting. In No. II. 
the contractility ceased in five hours. I then replaced the gelatin 
fluid by circulating fluid containing blood (thymolized) 1 c.c. to 100, and 
the contractility returned and persisted twenty-four hours from the 
beginning of the experiment. 

A test heart fed with circulating gant quite lost its coueraatiigy in 
an hour and twenty-five minutes. 

On May 15 I repeated this experiment, using the same solutions. 

No. I. lost its contractility in eight hours. No. II. also in eight hours. 

Gelatin then like blood and milk helps greatly to sustain contrac- 
tility, but in this respect is decidedly inferior to blood. 
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DESCRIPTION OF PLATE IX. 


A—G. Experiment with dialysed dried bullock’s blood. 

A shows the character of the contractions with the ventricle supplied with 
100 c.c. circulating fluid containing -2 gramme of dried bullock’s blood. — 

B shows the effect of replacing this by 100c.c. distilled water containing 
le.c. of 1°/, solution of calcium chloride, and 1lc.c, of 1°/, solution of 
sodium bicarbonate, and 4 grammes of dried blood dialysed for two days. 


 C@ shows the effect of adding °6 gramme of sodium chloride. 


D shows the effect eight minutes later. 


E shows the effect twenty-two minutes after the replacement. 


F shows the effect of adding to the fluid “75 .c. of 1°/, solution of potassium 
chloride, 

G shows the trace sixteen minutes after adding the potassium chloride, : 

H—O. Experiment 50c.c. whipped blood dialysed for five days with 50c.c. 
of distilled water containing ‘6 gramme of sodium chloride. March 20. 
Temp. of room 13°5 C. | 

H. Trace taken with circulating fluid. 

I, The effect of replacing this with the dialysed blood solution hai minutes 
after the substitution. © 

K shows the trace sixty-two minutes after the replacement. 

L shows the effect of adding ‘75 c.c. of 1°/, solution of potassium chloride. 

M, The trace eight minutes later. 

N. The effect of adding 1c.c. of 1°/, solution of calcium chloride. Subse- 
quently added 1 c.c. of 1°/, solution of sodium bicarbonate. 

O shows the trace three hours from the commencement of the experiment. 


PART II. 


I shall now attempt to ascertain why a circulating fluid made with 
tap water sustains contractility for hours at a time of year when “circu- 
lating fluid” made with distilled water will only sustain good con- 
tractions for half an hour to three-quarters of an hour, I find that a 
circulating fluid composed of tap water saline containing one part of 
potassium chloride in 10,000 parts, when supplied to the ventricle through 
a perfusion cannula and the ventricle is immersed in a similar solution, 
will sustain contractility for more than twenty-four hours, Again, the 
same solution sustained perfect contractions in a ventricle employed in 


1 As T have already stated “cireulating fluid” consists of 100 c.c. saline 1c.c, 
of NaHCl*, 1¢.¢. CaCl? and of KOI 1°/, solutions. 
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Roy’s apparatus for three hours, when for lack of time I discontinued 
the experiment. 

Now New River water contains 38 parts per million of organic matter. 
Does this minute quantity of organic matter feed the ventricle and 
. sustain contractility’ or does tap water contain inorganic constituents 
adequate to sustain the contractility so completely and for so long a 
time ? 

I boiled tap water for half an hour, thinking that this would 
probably coagulate the organic matter in the water. After filtering the 
fluid to separate the precipitated bicarbonate of lime I added to each 
100 c.c. °6 grammes of sodium chloride, 1 c.c. of calcium chloride, 1 c.c. 
of sodium biearbonate and ‘75 c.c. of potassium chloride 1°/, solutions. 
Two hours and a half afterwards the contractions were as good as at the 
beginning of the experiment. 

On June 17 I boiled tap water for four hours, filtered and made it 
into *6°/, saline, and added to each 100 cc. 1 cc. of 1°/, solution of 
potassium chloride. This fluid sustained only weak contractions, which 
became much stronger on adding 1 cc. of 1°/) solution of calcium 
chloride, 1 ¢.c. of sodium bicarbonate 1°/, solution to each 100 c.c., and 
good contractions continued for an hour. Restoration too was rapid 
and considerable, for a contraction excited before the preceding dilata- 
tion was completed was more complete than the preceding con- 
traction. In about seventy minutes some persistent spasm set in, which 
_ lessened but did not disappear on adding ‘5 cc. of 1°/, solution of 
potassium chloride. 

_ On the same day I saperiiensied with tap circulating fluid. At the 

end of an hour and fifteen minutes the contractions were nearly as 
good as at the beginning, but reparation was not normal; the second of 
two contractions occurring close together being weaker than the first 
contraction. 

The rapid restoration then is not due to the ingredients of tap water, 
but to some change induced by boiling, and is probably due to 
suspended carbonate. 

The following experiments confirm this surmise : 

The same day I boiled tap water for six hours and allowed it to 
stand till next morning, and then drew off the upper part of the fluid 


1 Subsequent to these experiments I found that a circulating fluid composed of a 
saturated solution of phosphate of lime in -6°/, saline, containing to each 100c.c. -5c.c. 1°/, 
solution of KCI will sustain contractility for many hours, and is indeed almost equal to tap 
water circulating fluid. 


4 
i 
= 
4 
4 
> 
x 
a 
“gg 
a 
3 


978 RINGER. 


by a syphon and filtered it through three pieces of filter paper. I then 
made it into °6°/, saline and added to each 100 cc. 1 cc. of calcium 
chloride, 1 c.c. of sodium bicarbonate and 1 c.c. of potassium chloride 
1°/, solutions. For an hour and thirty-five minutes the contractions 
remained complete. The height of the trace then very slowly declined. 
In two hours and ten minutes from the beginning the trace was about a 
sixth less high than at the beginning of the experiment. During the 
latter half of this time reparation was delayed so that in exciting two 
contractions one immediately after the other, or one before dilatation 
had completed, the second contraction was weaker than the preceding 
one. I then added to the circulating fluid some of the insoluble deposit 
thrown down on boiling tap water, i.e. carbonate of lime, and immediately 
reparation became greatly accelerated, so that the second of two 


contractions, occurring closely together, was greater than the first; and if — 
a contraction was excited, some time even before the preceding dilatation 


was completed, the trace was higher than the first contraction and there 
occurred “piling up.” This occurred in the preceding experiment, and so 
no doubt some carbonate of lime passed through the filter and affected 
the ventricle, but the quantity must have been very small as the filtered 
fluid was quite clear. 

I then evaporated down to dryness about 50 c.c. of this boiled and 
filtered water and incinerated, and the slight residue burned brown and 
then black; and on further heating it the colour quite disappeared, 
showing that the water contains a small trace of organic matter. I 
find that distilled water also always contains a trace of organic matter, 
though less than boiled tap water. 

This experiment then has not enabled us to determine whether the 
efficacy of tap water is due to its inorganic constituents. 

I next tested how far the addition of a minute quantity of organic 
matter to circulating fluid would enable it to sustain contractility equal 
to a circulating fluid made with tap water. 

As the organic matter of blood must, one would imagine, be more 
efficacious than the organic matter of tap water I mixed 1 gramme of 
dried bullock’s blood with 100 c.c. of distilled water, and found that about 
‘8 gramme were so dissolved that the solution passed through Swedish 
filtering paper; I then added various quantities “ this °8°/, solution to 
circulating fluid. 

On June 19 I fed the ventricle with sinouliting fluid containing 
to each 100 c.c. 5 c.c. of a ‘8°/, solution of dried blood. The contractions 
remained perfect for thirty-five minutes and then dilatation became 


i 
a 
| 
¥ 
2% 
$ 
4 
| 
4 
& 
3 
A 
a 
a 
3 
FA 
4 
4 
4 
« 
& 
4 


CONTRACTILITY OF VENTRICLE. 379 


delayed, and in a few more’ minutes the height of the trace became 
reduced, and dilatation became still more delayed. I then replaced the 
fluid by tap circulating fluid and the contractions at once recovered, 
but the trace became broader than at the beginning of the experiment. 
This experiment shows that one part of dried blood in about 24,000 
parts of circulating fluid cannot sustain contractility as well as tap water 
saline. 
On the same day, June 19, I fed a ventricle with circulating fluid. 
In about twenty minutes the dilatation began to be delayed, and in 
twenty-five minutes the contractions occurred in groups whose beats — 
fused, and in thirty minutes the contractions rapidly grew weaker and 
all but ceased, when I added 1 c.c. of ‘8°/, solution of dried blood to © 
100 c.c. of circulating fluid but without improving the contractions. 
Forty minutes from the commencement I substituted tap water circu- 
lating fluid, and at once the contractions rapidly improved and became 
nearly as complete as at the beginning of the experiment, but dilatation 
was much delayed. I then fed the ventricle with 100 c.c. circulating 
fluid containing 1 c.c. of ‘8°/, solution of dried blood, and the contractions 


again rapidly grew very weak, and again improved on feeding the 


ventricle with tap water circulating uid, but did not recover their 
original strength. 

On June 5 I fed the ventricle with circulating fluid. In twelve 
minutes the spontaneous contractions grouped themselves in phases and 
fused a good deal (much as happens with a small quantity of veratria). 
The height of the trace then quickly declined, and in twenty minutes it 
was not a quarter so high as at the commencement. I then added 1 cc. 
of dissolved blood to 100 c.c. of circulating fluid, but without improving 
the contraction; nor did the subsequent addition of 1 cc. of calcium 
chloride nor 1 c.c. of sodium bicarbonate 1°/, solutions effect any im- 
provement. | 

On another occasion I first fed the ventricle with circulating fluid to 
which I added ‘5 c.c. of 1°/, solution of calcium chloride to each 100 c.c. 
After forty minutes the contraction began to grow weak, and when the 
height of the trace was reduced about a sixth I added to each 100 c.c. 
of fluid lec. of °8°/, solution of dried blood. The contractions 
completely recovered, but again began to grow weak in about twelve 
minutes, and in another four minutes the height of the trace was 
reduced to about a third its original height. I then replaced the 
circulating fluid containing blood with tap water circulating fluid, 
composed of 100 tap water saline containing 1 c.c. of 1°/, solution 
of potassium chloride. The contractions speedily became complete. In 
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about eighty-five minutes the contractions again began to grow weak, 
and two hours after the use of tap water circulating fluid the height 
of the trace was reduced by one half. 

_ These experiments prove that circulating fluid containing 1 part of 
dried blood in about 12,000 is decidedly inferior to tap water circulating 
fluid which contains one part of organic matter in about 25,000, and 
they therefore prove that the efficacy of tap water saline is not entirely, 
if it is at all, dependent on the organic matter it contains, 

These experiments and others that I will now add show the great 
effect of a minute quantity of organic matter, for one part of dried blood 
in about 12,000 of circulating fluid will sustain good contractions for 


many hours. 


On June 8 I added lec. of 8"/, solution of dried blood to each 
100 c.c. of circulating fluid, and two hours afterwards the contractions 
were as good as at the beginning of the experiment. 

On June 9 I repeated this experiment. In two hours and three- 
quarters the height of the trace was only a tenth less high than at the 
beginning of the experiment. 

On June 15 I repeated this experiment. The contractions remained 
quite good for an hour and a half, and then grew a little weaker. On 


_ adding another cubic centimetre to the 100, ie. one part of blood in 


6,000, the contractions completely recovered. In three hours the height 
of the trace was a shade less than at the start. 

We see then that whilst circulating fluid containing one part in 
12,000, will long sustain contractility, yet it is decidedly inferior to tap 
water circulating fluid containing only one part of organic matter in 
25,000. 

As then the efficacy of tap water circulating fluid cannot be due, or 
only in a small part due, to its organic matter I next tested whether its 
lime salts, namely bicarbonate of Jime and sulphate of = are more 
efficacious than chloride of calcium. 

I made a calcium bicarbonate solution by diluting lime ‘one with 
an equal quantity of distilled water and poured carbonic acid rapidly 
through it. The greater part of the carbonate precipitate was re- 
dissolved as bicarbonate, though some turbidity remained which settled, 
and I obtained thus a clear fluid. 

In making a circulating fluid I added 100 of this bicarbonate of 
lime solution to 200 distilled water and 1°8 grammes of sodium 
chloride and 2°25 c.c. of 1°/, solution of potassium chloride. The contrac- 
tions continued good for an hour and twenty minutes. Then dilatation 
became a little delayed. The contractions grouped in phases and 
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fused and grew weak, and ceased in about two hours and twenty 
minutes. 

On June 3 I repeated this experiment, but added 3 ce. Y), solution 
of potassium chloride to the 300 c.c. of fluid. In thirty minutes the 
contractions became decidedly weaker. 

On the same day I made a control experiment with tap eit 
circulating fluid made of tap water saline with 1 c.c. of 1°/, solution of 
potassium chloride to the 100 c.c. of saline. Two hours and three- 
quarters afterwards the ventricle contracted as completely as at the 
beginning of the experiment, but dilatation was a little delayed. 

It appears then that although bicarbonate of lime can sustain 
contractility longer than chloride of calcium, still it is far less efficacious 
than tap water, and consequently the efficacy of tap water circulating 
fluid is probably not chiefly due to its bicarbonate of lime. 

I next made a saturated solution of pure sulphate of lime (obtained 
of Hopkins and Williams) in distilled water. , 

This I made into saline solution of the strength °6°/,. 

On June 3 I fed the ventricle with 200 c.c. of sulphate of lime saline 
solution, with 200 cc. saline solution, with 4 c.c. of sodium bicarbonate 
and 3 c.c. of potassium chloride 1°/, solutions. As lime salt was 
decidedly in excess of the potassium salt I added in successive doses 
more potassium chloride solutions up to 6‘5c¢.c.in all. In eighty minutes 
on the completion of the experiment the ventricle contracted perhaps a 
little less perfectly than at the beginning, and reparation was rapid for, 
no matter how frequent the contractions, they were equally complete. 

On June 4 I repeated this experiment, using however only 100 c.c. of 
sulphate of lime saline to 300 c.c. of simple saline and added 4 c.c. of 
sodium bicarbonate and 6 c.c. of potassium chloride 1°/, solutions. This 
quantity of potassium chloride proving insufficient I added in 
successive doses another 6 c.c. In an hour and ten minutes from the 
beginning of the experiment the contractions were about an eighth 
weaker, but reparation was rapid. | 

I repeated the experiment on the same day. In an hour and thirty 
- minutes the contractions were only a third of their completeness at the 

beginning of the experiment. 

Sulphate of lime then is decidedly more efficacious than chloride of 
calcium, and much of the efficiency of tap water is probably due to its 
lime sulphate but not entirely, so I next tested the effect of a combina- 
tion of calcium sulphate and calcium bicarbonate; but although I have 
combined them in variable proportions I have failed to concoct a 
circulating fluid equal to that made with tap water. 
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ON THE NATURE OF GLOMERULAR ACTIVITY IN 
THE KIDNEY. By J. G. ADAMI, BA, Christ's College, 


Cambridge. 
(From the Physiological Institute at Breslau.) 


I. Prefatory Remarks. 


In the discussion which has of late years been carried on as to the 
nature of the action whereby the secretion of urine is brought about, the 
observations of Heidenhain and his school, together with those of 
Nussbaum, have had a preeminent influence in casting doubt upon the 
‘mechanical’ theory of Ludwig and in advancing the claims of the 
theory commonly known as Bowman’s, but more comprehensively 
termed the ‘vital’ theory. 

Nussbaum’s’ observations in so far as they have reference to the 
present work may be thus epitomised: | 

There is in Fishes, Batrachia and Ophidia, as Bowman first shewed 
in the Boa Constrictor, a double renal blood supply. 

i. by the renal arteries running specially to the glomeruli. 

ii. by the vena renalis adveheus (or renal portal vein) and the 
lumbar veins. These by their branches, aided by the vasa efferentia 
from the glomeruli, form the capillary network around the tubuli uriniferi. 

There may be branches given off from the renal arteries and their 
divisions which pass directly into the capillary network surrounding the 
tubules; nevertheless, according to Nussbaum, if in the Frog or Newt 
the renal arteries be ligatured circulation through the glomeruli is 
wholly stopped. | 

Hence in these animals we would seem to have a means of determining 
the place of secretion of normal and abnormal constituents of the urine, 
and taking advantage of this arrangement Nussbaum endeavoured to 


1M. Nussbaum. Pfiiger’s Archiv, Bd. xvt., p. 139, and xvu., p. 580. 
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determine the constituents of the urine which are secreted by the 
glomeruli and by the convoluted tubes respectively. He found that 
when the arteries were ligatured sugar, peptone, egg-albumin and 
carmine (acid ammonium carminate) injected into the vascular system 
did not appear in the urine, this being contrary to what is observable in 
_ the normal animal; on the other hand, urea similarly injected into the 
ligatured animal still made its appearance in the urine. So he concluded 
that sugar, peptone, egg-albumin and carmine when present in the 
urine have been passed out through the glomeruli, whereas urea is 
secreted through the cells of the tubules. 

These results, published in 1878, have been very generally ideas, 
but as far as I know the experiments have not been repeated. — 

Under the advice of Professor Foster and with the kind consent of 
Professor Heidenhain, the present work was begun with the object of 
employing Nussbaum’s method as a means of obtaining a knowledge | 
of the place of secretion of substances other than — used by 
Nussbaum. 

Beginning however with a repetition of Nussbaum’s control 
experiment, his experiment, that is, to shew that when the renal 
arteries are ligatured all blood flow through the glomeruli is stopped, I 
found myself unable to obtain his results, and more extended observations 
led to the conclusion that the anatomical basis of Nussbaum’s well- 
known and brilliant work was far from being sound, and his method 
therefore would not seem to be suited for any exact determination of 
the passage of substances through the kidneys. At the same time 
certain appearances observed in the frog with ligatured renal arteries 
led to a series of experiments upon the nature of the glomerular 
activity, these being — carried on in the dog. 


II. On the method of closure of the renal arteries in the frog. 


The experiments upon the accuracy of Nussbaum’s method were 
undertaken in the winter and spring of this year, the frogs employed 
being large, well-nourished female examples of Rana esculenta, weighing 
on the average 80—100 grms., obtained from Klausenburg in the 
Siebenbirge. 

The method of ligature recommended by Nussbaum is briefly as 
follows. A longitudinal incision is made through the skin along the ~ 
ventral median line, the vena abdominalis anterior is doubly ligatured in 
the second interspace reckoned from the pelvic region, and between the 
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ligatures the abdominal wall is divided by a cut extending transversely 


wT C for some distance, in order that the viscera may the more easily be 
“placed on one side and the kidneys the more satisfactorily exposed. To 


reach the kidneys the peritoneum is torn along the left side, 
longitudinall y, and to as great an extent as possible, the - lumbar 
veins being previously carefully ligatured. 

The joined kidneys are now displaced towards the middle line, and 
by means of a small hook the renal arteries, whose number is variable, 
can be ligatured with fine thread. 

From the first it was seen that this method presented grave 
difficulties: the great displacement of the viscera, the difficulty of 
ligaturing the fine lumbar veins and the decrease in the blood supply of 
the one kidney caused by their ligature, the difficulty of determining 
and ligaturing all the renal arteries in the displaced position of the 
kidneys, and, greatest of all, the possibility of lesions in these delicate 
organs through the much handling and disturbance necessarily under- 
taken, led to a distrust of this procedure, and caused me to employ a 
method based upon that of Dr Dreser, whereby the kidneys were 
exposed dorsally and the arteries ligatured without displacement or 
damage to either kidneys or peritoneum. 

The usual experiment proceeded thus: After binding the frog down 
a fine glass cannula was introduced into the trachea so as to permit 
only cutaneous respiration and prevent the course of the experiment 
being disturbed by the otherwise enormous distention of the lungs. 
This method, depending upon the nature of Batrachian respiration, 
would seem definitely better than that adopted by Nussbaum, namely, 
puncture of one lung and stoppage of possible bleeding by ligature. 
The skin was divided along the middle line of the back, the urostyle 
cut across at about the junction of the lower and middle thirds, the 
upper portion raised, and the muscles alongside carefully divided, all 
bleeding being stopped thermo-caustically by means of a blunted 
needle. The sacro-iliac articulation was severed on either side and the 
cut continued along the ends of the last two or three transverse 
processes. Here now an incision was made across the vertebral column 
immediately above the junction of the lateral aorte with the dorsal 
aorta, care being taken not to injure these vessels. 

The mass of bone so liberated could be raised and with it the aorta, 
- attached in the main by the lumbar arteries and by the branches of 
communication between the spinal nerves and the abdominal sympa- 
thetic chain. Stretching between aorta and kidneys the renal arteries 
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could be well determined and their ‘ligature’ safely accomplished 
thermo-caustically, each in turn being subsequently cut. -To insure 
complete-ligature all vessels and nerves between the cceliaco-mesenteric 
and the bifurcation of the iliac arteries were in this manner removed. 

Here then neither kidneys nor aorta were of necessity touched, in 
contradistinction to the large amount of displacement necessitated by 
the operation from the ventral side. 

_ At the conclusion of the ligaturing the wound was carefully closed, 
and the frog if not immediately operated upon placed in a flat vessel 
with water one or two centimetres in depth. | 

That this operation was not too severe in its nature may be well — 
inferred from the fact that frogs thus treated were frequently kept four 
or five days, and in one instance the frog ligatured on the Monday was 
only killed on the following Friday week, that is to say survived the 
operation eleven days. It must however be remarked that through this 
operation there ensues in the course of forty-eight hours a condition of 
cedema in the lower limbs, due to the section of the spinal cord. To 
prevent this and to ensure as satisfactory and perfect an operation as 
possible the method was further modified; and it was found that the 
renal arteries could with safety be ligatured if, instead of severing bone 
and spinal cord as above described, a simple incision was made 
through the body wall along the outer ends of the last two or three 
transverse processes at each side and through the sacro-iliac articula- 
tion. Raising then the vertebral column and depressing the iliac bones 
the operation could be carried on without ‘difficulty. 


Ill, After closure of the renal arteries the glomeruli are not 
completely cut off from the circulation. 


To determine that after ligature of the renal arteries circulation 
through the glomeruli and glomerular activity are wholly stopped 
Nussbaum employed two methods. He observed the circulation in the 
kidney of the living newt, and there ‘retrograde movement from the 
capillaries to the glomeruli is not observable ;’ and as a second method — 
he used the injection into the vena abdominalis anterior of solutions of 
sodium sulphindigotate and of Chrzonszezewsky’s acid ammonium 
carminate, 

Killing the frogs immediately after injection, he found that while the 
capillaries around the uriniferous tubules were filled with the pigment 
the renal arteries and the glomeruli were wholly unpigmented. 
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In testing the accuracy of the conclusions arrived at we employed, 
like Nussbaum, acid ammonium carminate, and further, to be certain 
that the results thus obtained were not due to diffusion, we made use 
of the finely pulverised vermilion obtainable in the form of a moist 
water-colour medium, diluting the suspension in glycerine with 0°6 °/, 
NaCl solution. Injection was always through the vena abdominalis 
anterior, and the frogs being exceptionally large the quantity injected 
was ordinarily 2 to 3 c.c. — the finest and largest frogs 4 c.c. was 
occasionally injected. 

Immediately upon the death of the animal the kidneys were 
examined to see that the ‘ligature’ had been complete, then removed 
and placed in absolute alcohol, this in the case of carmine injection | 
being slightly acidified. The hardened tissues were imbedded in 
paraffin and cut with a microtome. 

In every case (and more than a dozen frogs were experimented 
upon) a thorough examination disclosed the pigment in the capil- 
Jaries of the glomerular knot, and this not only in those cases 
where injection had taken place at periods varying from eighteen hours 
to five days after ligature, but also where the — succeeded he 
ligature forthwith. 

Not unfrequently, however, injected glomeruli were found in the 

mid-portion only of the kidney, and not at either end, a condition which 
may have been due to there being a more direct and better marked 
blood-current from the venz porte renarum to the inferior vena cava 
through the middle of the kidneys than obtains at either end. This 
_ may be an explanation of the difference between Nussbaum’s results 
and my own: Nussbaum, who found no injected glomeruli, may have 
prepared sections from the ends and not from the mid-portion of the 
kidney. | 

Another and still more probable cause of error must now be 
mentioned. According to the description of his control researches by 
means of Chrzonszczewsky’s carmine, Nussbaum killed the frogs 
and extirpated the kidneys two minutes after the beginning of 
the injection, an injection succeeding rapidly upon the ligature of the 
renal arteries. This, opposed to the fact that his main researches, with 
urea, sugar, etc. occupied some hours, casts no little doubt upon the 
value of his control experiments. 

It is possible that im the short time which ensued between ligature 
and injection the blood-stream through the glomeruli was interrupted, 
but restored to some extent in the course of an hour or two by dilatation 
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of communicating vessels between the capillaries of the tubuli and the 
afferent vessels of the glomeruli. Nussbaum himself figures a small 
collateral vessel in the newt passing from the vas afferens of the 
glomerulus to the capillary network; and, allowing that such may be 
present also in the frog’s kidney, it is surely unsafe to assume, because 
there is no appearance of such vessel being pervious immediately after 
the operation and immediately after the rapidly succeeding injection, 
that therefore in the course of a short time that vessel would not 
become passable. | | a 

Owing to slow and cautious injection we could never accomplish 
the extirpation within the time given by Nussbaum. That circulation 
through the glomeruli, such as that pointed out above, can and does 
eventually take place will be shewn later. _ 


Injection of Carmine (Chrzonsaczewsky’s). 


i. Feb. 5th. Control experiment upon normal frog, male of average 
size. 

Injected 2°5c.c. of Chrzonszezewsky’s ‘natural’ carmine injection fluid 
(2 pts. carmine, 1 pt. ammonia, 8 pts. water) into abdominal vein. Killed 
two minutes after the beginning of the injection : placed kidneys in absolute 
alcohol slightly acidulated. The kidney in general and the majority of ‘the 
glomeruli were well injected. It was noticeable however that some few 
glomeruli contained no carmine, while in others the quantity was but 
small. 

ii, Feb. 5th. ‘Ligatured’ at 3.0 p.m. large well-nourished female, with 
considerable loss of blood. 

Feb. 6th, Injected at 5.30 p.m. 3 ¢.c. carmine into v, abdominalis anterior. 
Killed five minutes after beginning of injection. — | 

Cutting series of sections out of paraffin, found that in the upper fourth of 
the kidney there were no glomeruli injected ; in the mid-portion as many as 
50°/, of the glomeruli were injected. This frog had been ‘ligatured’ twenty- 
six hours before injection, and had during that time given no urine. 

iii, Feb. 9th. 5.0Pp.m. Ligatured successfully large female frog. 
13th. 11.30a.m. carmine injected into the v. abdominalis 

anterior. Animal killed three minutes after beginning of injection. 
Sections cut out of paraffin shewed that although the kidney as a whole 

was almost uninjected, nevertheless in several of the glomeruli, specially in 
the mid-portion, carmine was to be seen. 
_ iv. March 7th, morning. Ligatured large female weighing 85 grms. 
Employed the frog for determination of effects of urea injection. 
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March 12th, afternoon. Frog still active though ligatured five days. 


Injected 2¢.c. carmine in the usual way. Had killed and extirpated the 


kidneys within five minutes from the beginning of the injection. 

At first on cutting direct out of alcohol could find nothing, so the seotines 
would seem to support Nussbaum. However on cutting out of paraffin from 
the mid-portion of the kidney the glomeruli in large numbers were found to 
be well filled with the carmine. | 

v. eb. 16th. Large female. Washed out the blood by slow injection 
of 15c.c. 0°6°/, NaCl solution through v. abdominalis anterior; then 
ligatured. 

12,44 injected 4c.c. carmine, 12.484 extirpated the kidneys. | 

Oarmine was in the glomeruli; many containing the pigment, while 
many were wholly colourless. 

vi. March 28th. Large female. Ligatured and injected wattle 3 ¢.c. 
carmine, Killed and extirpated at the end of ten minutes, 

Carmine in a large number of the glomeruli. 


Injection of Vermilion. 


i. Jan. 16th. Ligatured large well-nourished frog 4.30 p.m. 

Jan. 20th. Injected vermilion suspended in 0‘6 °/, NaCl solution, amount 
not mentioned in notes, Killed immediately, 1.30 p.m. 

The granules of vermilion were clearly visible in the glomeruli. This 
frog had previously been injected with 1c.c. 10°/, urea solution and had 
lived ninety-three hours since ligature. 

Cutting out of paraffin the sections from the extremities exhibited 


glomeruli fairly free from vermilion, in the middle region however a large 


proportion of the glomeruli were injected. 

ii. Jan. 16th, afternoon. Ligatured large frog. 

Jan. 21st, Injected 2‘5 c.c. vermilion suspension as usual. Killed imme- 
diately after injection. 

The glomeruli contained much pigment, more in fact than was to be seen 
in glomeruli of the vermilion-injected non-ligatured frog. 

iii, Jam. 21st. Control experiment. Injected 24°3 c.c. vermilion into v. 
abdominalis of normal frog, and treated like ii, Here the vermilion was 
in the glomeruli, though to a small extent. The capillaries (and lymph 
spaces) were however crowded with coloured granules. 

iv. Feb. 18th. Fine large male frog weighing over 110 grms. Injected 
20 c.c, 0°6 °/, NaCl solution into v. abdominalis anterior, and ligatured ; then 
injected 5¢.c. vermilion to which a little gum arabic solution had been 
added for the purpose of suspension of the particles. Killed and —— 
the kidneys within six minutes from the beginning of injection. 
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Sections very good ; in more than half of the glomeruli pigment was present. 

v. Feb. 21st. Large female. Ligatured renal arteries and all (‘) 
vessels going to or coming from the kidneys save the vena cava inferior ; 
injected 4¢,c, vermilion suspension in the usual way. Killed and extirpated 
within eight minutes from beginning of injection. This and another experi-— 
ment on Feb. 23rd of the same nature were undertaken in order to test the 
possibility of a backward injection of the kidneys through the vena cava 
inferior. In both vermilion was to be seen in a large number of glomeruli. 
But as it is a matter of great difficulty to make sure that all the finer lumbar 
and ovarian veins passing to the kidney have been completely ligatured these 
experiments must be taken as inconclusive. 

vi. April 17th. Operated carefully on fair-sized pnisde frog, ligaturing 
from the ventral side and following exactly Nussbaum’s description ; injected 
2¢.c. of a thick vermilion suspension in 0°6°/, NaCl, and killed two minutes 
after beginning of injection. Vermilion in but a few glomeruli in the 
mid-portion of the kidney. 

vil. May 16th. Large female frog. Ligatured very ‘carefully, and — 
completed the ligature without cutting through the back-bone. 

_ May 20th, afternoon, Injected 2c¢.c. vermilion in NaCl solution. Killed 
4 minutes after beginning of injection. Section out of paraffin shewed glomeruli 
more fully injected than in any previous case. This frog had given urine 
despite ligature. 

The above results do not wholly ites those of Nussbaum based 
upon the ligature of the renal arteries, but they would appear to cause 
the method to be regarded as unsafe for any exact determination of 
the place of secretion of substances in the kidneys. 

We see in these experiments that apparently ligature of the renal 
arteries has had a marked effect upon the circulation through the 
glomeruli, and that although the circulation has not been wholly stopped, 
as Nussbaum would consider, yet, as shewn by the injection of pigments, 
it has been greatly lessened. Many of the individual glomeruli were but 
partially injected, nor where the injection was most complete did, as a 
general rule, more than fifty per cent, of the glomeruli contain the pigment; 
and again, not unfrequently glomerular ‘liaise was confined to me 
mid-portion of the kidney. 

All these facts would point to the possibility of Nussbaum’s obser- 
_ vations being true, that is after ligature of the renal arteries so small a 
quantity of sugar or egg-albumin for instance may pass through the 
glomeruli that it may practically be neglected when appearing in the 
- urine—so that we may look upon Nussbaum’s results in the main as 
approximate if not definitive. : 
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On the other hand, it must not be forgotten that injection of a 
normal unligatured frog with vermilion or carmine under similar con- 
ditions of experiment does not produce an injection of by any means all 
the glomeruli. The injection may be as — as in the case of ate 
ligatured frog. 


IV. The secretion of urine after ligature of the renal 
arteries in frogs. 


1, Spontaneous secretion of urine. 


It was found by Nussbaum that after ligature of the renal arteries 
the bladder remained empty and the urinary flow was brought to a 
standstill. My experiments in the main led me to the same conclusion : 
in general after ligature there wag no further urinary secretion, or secre- 
tion, if occurring, was so insignificant in amount that in the course of 
several days but an occasional drop of fluid was obtainable by catheteri- 
sation—an amount so small as to be with difficulty tested for any one of 
the constituents of urine, and with which therefore it was a question 
whether here was really urine, : 

Granting that circulation through the glomeruli still continues, a 
reason for this stoppage of the urinary flow may be easily found in the 
conditions of that circulation. For ligature of the renal arteries and the 
evil effects of the operation, whether according to Nussbaum’s method 
or to ours, will very possibly reduce the blood flow through the kidneys 
to so low a point that no further secretion can take place. | 

In two cases however there was a distinct amount of urine secreted 
after ligature of the renal arteries. 

Both frogs were large and in good condition, and both had been 
ligatured dorsally by our later method, that is without severing the 
spinal cord. | 


i. May 16th. Large female frog, ligatured very carefully without 
cutting through the back-bone and spinal nerves. 

17th. No urine obtained. 

18th, No urine obtained. 

19th. Morning 1 c.c., afternoon 1-2¢.c., much lost, contained traces of 
urea and albumin but no kreatinin. 

20th. Mid-day 2:2 c.c., afternoon 4.30, 1:2 c.c.; killed. 

July 29th. Large active female frog carefully ligatured by 10.30 a.m., 
bladder emptied, and anus ligatured, but ineffectually, 
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July 30th. 8.0 a.m. Two drops of urine. 
5.30 p.m. urine. 
31st. 8.30 a.m. Two drops, some lost in catheterisation. 
5.30 p.m. Two drops, again a little lost. | 
| August lst. 9.0a.m. 0-5¢.c. urine, giving with HNO, crystals of urea 
nitrate, 
2nd. 3.0p.m. cc. urine. 
3rd. 12.0m. O-5c.c. urine, ligatured anus. 
4th. 10.04.m. 10°0c.c. urine, anus ligatured again. 
5th. 12.0m. 12°0c.c. urine. Afternoon, more urine; killed, and 
carefully examined (by Professor oe ligature found to be 
complete. 


The remarkable difference found heii in the amount of urine, before 
and after ligature of the anus, leads us to consider that during the 
earlier days of the experiment and throughout the previous experiment 
more urine must have been secreted than we could estimate by simple 
catheterisation. Unfortunately we were unable to repeat the experiment 
under more favourable conditions. 

In both cases it would seem that the secretion, at first Siateoel, 
gradually recovered ; while the renal activity immediately after ligature 
would appear to hava been suppressed, it reached in the course of a few 
days what may almost be characterised as a normal condition. 

It is a question to what should this return of activity be ascribed. 
Surely not to increased blood pressure, for what pressure there is, is and 
remains venous. Nor again wholly to the gradual accumulation of urea 
in the blood, for other frogs kept ligatured during still longer periods 
shewed scarce any signs of returning secretion. The only explanation 
at all satisfactory would seem to be one based upon the united grounds 
of a gradual setting up of a collateral circulation through the glomeruli, 
and of Heidenhain’s hypothesis that secretion through the glomeruli 
is determined not so:much by blood pressure as by rate of blood flow. 
The frogs in question were, and remained active; the operation had 
been conducted with the least possible injury to the system at large 
and the cedema produced in earlier experiments did not here ensue. 


2. Appearances after injection of urea. 


As will be noticed in the table appended, our experiments verified 
Nussbaum’s observation that injection of urea into the circulation in 
ligatured frogs causes a marked and rapid secretion of urine where 
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previously there had been none, a secretion which he ascribed to the 
action of the tubuli uriniferi. Our experiments further shew what is 
most characteristic, namely, that secretion thus once set up continues 
for several days, for a time presumably much ze antes than is necessary 
for the excretion of all the injected urea. 


i. March 9th. Fair-sized female frog, ligatured. 
11.30. Injected 1:7 c.c. 10"/, urea solution. 
12.30. Obtained urine giving with acetic acid and siheaiise ia 
cyanide minute indications of albumin. 
1.0. Obtained rather more than 100.0. urine, also exhibiting traces 
of albumin. 
4.30. Another 1:0c.c. 
March 13th. Still giving urine. Killed. 
ii, Jan. 22nd. Midday. Moderate sized female, ligatured, injected 
0-2c.c. 10°/, urea solution. 
Jan, 23rd, Trace of urine containing kreatinin Wipes test). 
24th. 0:4c.c. urine, no albumin. 
iii, Jan. 16th. Large female, ligatured. 
17th, morning. Injected 1‘0cc. 10°/, urea solution. inteelieni small 
amount of urine, giving with HNO, large quantities of crystals of urea 
nitrate. 
19th, morning. 3°6¢.c, urine containing phosphates, chlorides, and a 
trace of albumin shewn by addition of acetic acid and potassium ferrocyanide. 
20th, morning. 1-2¢.c, urine, much lost. Killed, 
iv. Feb. 9th, afternoon. Large female, ligatured. — 
10th. No urine obtained. | 
11th. No urine. 11°30 injected 1¢.c. 10°/, urea solution ; appearance of 
urine within three hours, 
12th, morning. 9°30 1c.c. urine, 
13th. No urine obtained. Killed after injection of carmine. 
v. Jan. 26th, Ligatured two large female frogs, and injected into each 
10c.c. 10°/, urea solution. 
_ 27th. Obtaining but little urine, injected another ins ‘into each. 
30th. As the result of two catheterisations gained more than 5-0c.c., 
losing at the same time, as was generally the case, large quantities of urine, 
which escaped through the — due to the handling of the animals in 
catheterisation. 
This urine contained : 
Urea, 
Kreatinin, 
Phosphates, 
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Chlorides (doubtful), 

Sulphates (a trace), | 

Albumin (acetic acid and ashes fenvochinide, though no result with 
Millon’s reagent). 

Feb. 2nd. Both frogs still giving small quantities of urine. Killed the 
one ; the other killed after glycerine injection upon Feb. 6th, having lived 
eleven days after ligature. 

The anus not having been ligatured in these experiments they afford 
no knowledge of the exact amount of urine excreted after injection of 
urea, but they shew that such excretion may continue as above remarked 
for several days after the injection. 

The albumin present in the urine was in all cases very small in 
amount. It could not be determined by Millon’s reagent, although the 
ferrocyanide test almost always disclosed a trace. It is unsafe to form 
any deduction from the presence of so small a quantity. 

Nussbaum’s assumptions as to the nature of the renal secretion 
are based, as before noticed, upon the premiss that after ligature of the 
arteries the Malpighian vascular knots are cut off from the circulation. 
Having found that in spite of the breaking off of the arterial supply 
blood would still seem to pass through at least some of the glomeruli, 
the question remains whether the conclusions that Nussbaum has 
_ drawn from his urea researches are in reality correct. May not the 
results be explained in another way? According to Heidenhain the 
capsule secretes water owing to its inherent secretory activity. This 
secretory activity may be excited by the urea which must pass with 
the blood to some of the glomeruli; hence the increased secretion of 
water observed by Nussbaum. 

It is scarcely possible to obtain a full and decisive answer to the 
question, yet we are led by several paths to arrive at some such decision 
as that given above. The difficulty in the determination lies in this, 
that the secretion which follows the injection of urea affords no criterion 
by which to gain conclusions with certainty as to its origin. Possibly, 
as Nussbaum considered, the secretion has its origin in the uriniferous 
tubules, but it is also not impossible that the fluid has been excreted 
through the glomeruli. 

This last possibility would be strengthened if it could be shewn that 
substances which according to experience are excreted through the 
glomeruli allow themselves to be excreted in the same region after 
ligature of the renal arteries. 

From this point of view the _— experiments were undertaken. 
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V. Experiments upon Frogs as to the secretion of Hemoglobin 
through the glomeruli after ligature of the renal arteries. 


Ribbert’ and Posner’® have shewn that the passage of albumin © 
takes place through the glomeruli, and that this may be directly 
demonstrated by placing the extirpated kidneys in water sufficiently 
hot to coagulate the albumen. The same method has been employed 


‘by Miss Adams’ and Oertel*‘ to determine the excretion of hemoglobin 


through the glomeruli. 

Miss Adams produced hemoglobinuria in rabbits by subcutaneous 
injection of laky blood and of glycerine, and by injection of water and 
of ether into the venous system. Killing the animals at the period at 
which the hemoglobinuria seemed to be most decided, she cut the kidneys 
in half, placed them for three minutes in simmering water, and then 
examined the sections either cut directly by the freezing microtome or 
after hardening in alcohol in the usual way. 

‘She found that with all the methods given above there were in the 
hemoglobinuria kidneys brown granular hemoglobin menisci situated 


in the capsule chambers of the glomeruli, that is, in the proximal 


portion of the uriniferous system—the space between the Malpighian 
knot of vessels and Bowman’s or Miiller’s capsule, which leads into 
the first division of the uriniferous tubule. 

This method seemed well calculated to decide whether or no the 
action of the glomeruli continues after the renal arterial supply has 
been broken off. If, despite ligature, there be still blood-flow through 
the glomeruli, and if, despite the decreased velocity of that flow, 
excretion still continue, then any one of the substances which produce 
hemoglobinuria should in due time after injection be capable of 
causing hemoglobin excretion, which excreted haemoglobin should be 


- discoverable in the capsule chambers of the glomeruli by the method 


mentioned above. 

Experiments upon normal frogs shewed that hemoglobinuria could 
be most surely produced by introducing laky blood into the venous 
system through the vena abdominalis anterior. 


1 Ribbert. ‘ Ueber die Eiweiss-auscheidung in der Niere.” Centralb.f. med. Wiss. 1879. 
2 Posner. “Studien iiber pathologische Exudatsbildungen.” Virchow’s Archiv, 
Bd, 79. 1880, | 
3H. Bridges Adams, ‘‘Hawmoglobinausscheidung in der Niere.” Dissertation, 
Berne, 1880, 
. 4 Oertel. Mentioned by Miss Adams. 
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The laky blood here used was obtained by alternately freezing and 
thawing freshly drawn dogs’ blood. To gain the same ends subcu- 
taneous injections of small quantities of glycerine and of ether were also 
tested. Glycerine, however, caused rapid and serious tetanic con- 
vulsions, and its action upon the kidneys was not so constant as that of 
laky blood ; in addition, in normal frogs, a state of profound diuresis was 
often induced, thus defeating the ends of the experiment, inasmuch as 
when this was the case no good deposit of hzmoglobin could be obtained 
in the capsule chambers. With ether too the. results of subcutaneous 
injection were uncertain. 

- Farther, it must be mentioned that with the ligatured frogs urea 
10°/, was in many cases added to the laky blood in order that by the 
urinary secretion induced it might be observed at what period there 
obtained a distinct condition of hemoglobinuria. In general the 
injection succeeded ligature within the course of an hour, 1 to 2c.c. of 
the laky blood being injected slowly into the vena abdominalis, and 
the animal killed from four to six hours after injection. The kidneys 
were immediately extirpated and placed in boiling water for thirty 
seconds, thence removed into absolute alcohol. 

Examination of sections cut both direct out of alcohol and after 
imbedding in paraffin, with or without previous staining with picro- 
carmine, shewed large and prominent menisci in the capsule chambers 
of the glomeruli. These menisci were of a reddish brown colour, finely 
granular but otherwise homogeneous, containing no admixture of blood 
corpuscles. Here then, despite ligature, we had obtained haemo- 
globinuria phenomena. A series of control experiments evidenced 
that the menisci obtained by this method were due wholly to the 
injection, not produced, that is, either by the manipulation of the 
kidneys or by the altered condition of the kidneys following upon the 
cutting off of the arterial blood-supply. These control experiments will 
be referred to more fully at a later period. 


_ I. Effect of injection of laky blood upon normal frogs. 


i. Feb. 18th. Moderate sized male. Not ligatured. Injected 1 cc. 
10°/, solution of urea in laky blood into v. abdominalis ant. Quarter of an 
hour after injection the urine appeared slightly red. Killed within half an 
hour after injection. Sections only partially satisfactory, but slight traces of 

hemoglobinuria menisci. Probably had killed too soon. 
ii. Feb. 27th. Moderate sized female. Not ligatured. Injected 1 c.c. 
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laky blood, Within half an hour a drop of reddish urine. Killed at expiration 
of an hour after injection. Sections again poor in menisci. 

iii. March 4th. Female. Not ligatured. Injected 1 cc. 10°/, 
solution in laky blood. Killed at end of two hours. Menisci good. 


Il. Injection of laky blood into ligatwred frogs. 


i. Feb. 25th. Large male,. Ligatured. 

Feb. 26th. Afternoon, Injected 2 c.c. laky blood ‘initaiaiie 10 °/, urea. 
Drop of colourless urine at the end of half an hour. Throughout afternoon 
obtained no traces of hemoglobinuria. 

Feb, 27th. Midday; twenty hours after Very evident haemo- 
globinuria. Sections shewed large and typical haemoglobinuria menisci. — 

ii March 2nd. Large female. Ligatured. Injected 2 .c. laky blood 
containing 10°/, urea, Within an hour minute indications of hemoglo- 
binuria, Killed at end of five hours and a half. Very evident hemoglo- 
binuria menisci. 

iii, March 4th. Large male. Ligatured. Injected 2 cc. laky blood 
containing 10°/, urea, Within two and a half hours a drop of very red 
urine, Further drops obtained in course of the experiment. Killed five and 
three-quarter hours after injection. Good and typical menisci. 

iv. March 19th. Large male. Ligatured. Injected 1 c.c. laky blood 
containing 10°/, urea. In two hours and a half (3.15) a minute drop of very 
red urine. So also at 4.0 and at 4.30, Killed at 4.45 (expiration of four 
hours after injection). Shewed excellent menisci, both when mounted direct 
in glycerine and when stained with picric acid and picrocarmine. 

v. March 6th, Large female. Ligatured. Injected 2..c. laky blood. 
Found dead next morning, although heart was still beating slowly. Boiled 
the kidneys and found hemoglobinuria menisci. 

vi. and vii. March 10th, Large females. Ligatured. Injected into each 
2 c.c. laky blood. Killed both at end of five hours. Had given no urine 
since injection. In both hemoglobinuria menisci, though but to a small 
extent, 

viii, March 19th. Large male. Ligatured. Injected l'c.c. laky blood. 
Operated upon under similar conditions to iv.; gave during the experisent no 
urine, Killed four hours after injection, Exhibited menisci still better than 
in iv. 


The experiments here given prove clearly that some of the glomeruli 
are still in action after ligature of the renal arteries, and, what is more, 
that in the course of a very few hours after ligature there is a definite 
current through the capillaries of the glomeruli. 
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The menisci are not those of albuminuria, such as might possibly be 
produced by the great alteration in the blood flow; they are of the 
reddish-brown colour characterising hemoglobinuria menisci, and as such 
prove that the injected laky blood has passed into the glomeruli, or in 
other words that there has been a current through the vascular i of 
these bodies. 

I am not in a position to state that Ludwig’s’ declaration as to the 
Mammalian kidney holds good also for the Batrachian, namely, that 
from the peculiar structure of the glomeruli it is not possible to have a 
retrograde flow through them, for certain not wholly trustworthy 
experiments seemed to indicate that the glomeruli might be injected 
from the vena cava inferior; but this may safely be said, that the menisci 
were of too great a size to be due solely to a passive backward pressure 
of the laky blood into the glomeruli at the moment of injection, even 
granting any backward pressure under the circumstances possible. 

We must therefore, it would seem, view as ‘non-proven’ the state- 
ment that urea is excreted through the cells of the tubuli uriniferi, and 
_ that the accompanying water has been similarly excreted. This may 
be the case, but Nussbaum’s results may be explained equally well by 
considering that urea acts in the ligatured kidney as primarily a vaso- 
dilator* increasing the flow through the glomeruli and at the same time, 
a view already suggested by Heidenhain’, causing greater glomerular 
activity. 

This however is not the only deduction to be drawn from the 
hemoglobinuria experiments. It will be noticed from the above experi- 
ments that good menisci, representing an active passage of hemoglobin 
out of the glomeruli, were obtainable in the cases where the action of 
urea had during the course of the experiment caused but a minimal and 
insignificant urinary excretion, and in other cases where laky blood 
alone being injected there had apparently been no urinary excretion at 
all. Here then it would seem evident that the glomeruli had excreted 
hemoglobin under greatly lowered pressure and without any corre- 
sponding watery excretion, a condition only explicable by the assumption, 
first set forth by Heidenhain‘, that the glomerular epithelium 
possesses a definite secretory activity. 


1 Ludwig. ‘Einige neue Beziehungen zwischen dem Bau und der Function der 
Niere.” Sitzungsber. d. kais. Akad, der Wissensch. Bd. xuvur., 1863, 

2 Roy [On the Mechanism of the Renal Secretion, Proceedings of the Cambridge Phil. 
Soc. May 23, 1881], has shewn that in the dog urea has this effect upon the kidney, 

3 Hermann, Bad. v. 1, p. 340. 

4 Hermann, Bad. v. 1, pp. 328—338, 
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Granting that there had been no urinary flow in the course of the 
experiments described, then the only other possibility whereby to 
account for the presence of the hemoglobin in the capsule chambers is 
that the hemoglobin had transuded through the glomerular walls with 
the necessary proportion of water, and that this water had subsequently 
been reabsorbed. But the reabsorption theory must, in the absence of 
any direct evidence as to its truth, be considered untenable, Heidenhain’ 
having by careful calculation shewn its improbability. No alteration is 
observable in the glomerular epithelium? as a result of the action of the 
_laky blood; the menisci are formed of a homogeneous excretion; all 

appearances point to the orderly action of the glomeruli and the absence 
of any lesion. Such lesion if present would increase and not diminish 
the flow of fluid through the walls of the glomerular capillaries. 

_ The importance of the question as to the nature of glomerular 
activity led us to forego further investigations along the lines of the 
original inquiry and to confine ourselves to determining whether the 
phenomena seen in the frog were procurable in higher animals. To this 
end a series of experiments was instituted upon dogs. 


VL On hemoglobinuria appearances produced in dogs with 


We have seen that in frogs a condition can be induced whereby the 
urinary flow is brought to a standstill and nevertheless hemoglobin is 
excreted through the glomeruli. 

A similar stoppage of the excretion of urine may be brought about 
in the dog. As Cl. Bernard’ first pointed out, section of the spinal 
cord in the cervical region produces this effect; and Ustimowitch* has 
shewn that it is due to the great lowering of the blood pressure conse- 
quent upon the operation. 

For our object it became necessary to employ this method of section 
of the spinal cord, and, when the urine had ceased to flow, to inject 
substances which under ordinary circumstances are known to produce 
hemoglobinuria. Provided that the substance injected did not cause 


1 Hermann, Bd, v. 1, pp. 341—343. 

2 By glomerular epithelium is throughout intended, as above defined, the epithelial 
capsule of the glomerular vascular knot. 

Cl, Bernard. ‘‘Legcons sur les liquides de l’organisme,” 11., p.153, 1859. 

4 Ustimowitch. ‘Experimentelle Beitriige zur Theorie der Harnabsonderung.” 
Berichte d. k, Stichs. Gesellsch. der Wissensch, Dec. 1870. | 
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urinary excretion anew, we should have conditions rendering possible 
the solution of the question: Has the glomerular epithelium powers 
other than those of mere filtration, powers independent of the influence 
of the blood pressure ? 


Method of research. 


Dogs, male, and in good condition, weighing between 10 and 15 kilos., 
were the subjects of experiment. When completely under the influence 
of a subcutaneous injection of morphium a cannula was inserted into 
the right v. jugularis externa, artificial respiration set up, and then 
0:25 °/, curare injected in quantities varying from 3 to 6 c.c. according to 
the strength of the drug. Following upon this the left carotid was laid 
bare, opened, and 40 or 50 c.c. blood drawn for the purpose of being 
rendered laky, after which the cannula in connection with an ordinary 
mercury manometer was introduced, and the artery clamped. 

Placing a catheter in one ureter was accomplished easily and with a 
minimal amount of bleeding by a cut through the skin of the lower 
_ part of the abdomen as nearly as possible above and in the direction of 
the linea alba. For this the male animal is better than the female, 
there being less danger of bleeding from the mammary vessels. Cutting 
longitudinally through the linea alba leads to no danger of injury to any 
large vessel; extending the cut for the space of three or four inches, its 
lower end being from one and a half to two inches above the pubic 
symphysis, the bladder is exposed; this if empty may be easily reached 
and drawn out, if distended may be emptied by pressure, and then drawn 
forwards and downwards in order to lay clear the ureter of each side 
close to its passage into the bladder. The peritoneal fold enclosing the 
ureter must be removed for about an inch along with the surrounding 
connective tissue, care being taken not to injure the two veis 
accompanying the ureter. The ureter is raised by placing a finger 
underneath it, and opened by a small slit, into which a fine metal 
catheter is inserted. That employed was of German silver, thin-walled, 
straight, 10 to 12 inches long, of small diameter, and could be gently passed 
up the ureter until close upon the pelvis of the kidney. -To its outer 
end was attached a short length of india-rubber tubing, terminating in 
a curved glass tube. This dipped into a graduated glass cylinder of 
10 c.c. capacity. 

The blood drawn was defibrinated and rendered laky by being 
alternately frozen and thawed and then filtered through muslin. This 
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at least: was done in our first experiments. We found however, as others 
have observed, that laky blood of this nature when injected often caused 
_ sudden death by the thrombosis induced, post mortem examination 
exhibiting clots in the ventricles and pulmonary vessels. Laky blood 
prepared, as Sachssendal’ has suggested, by the addition of water to 
the blood drawn, is as he shewed much less deleterious in its action ; 
when this is injected slowly there is little fear of mortal effects. It was 
found that blood received direct from the carotid into an equal quantity 
of distilled water becomes laky immediately; and this method we 
generally employed, defibrinating subsequently and ne _ laky 
fluid to filter through fine filter paper. 

The method described. so far was employed with scarce an exception 
in all subsequent. experiments, the alterations being of minor importance, 
save that, as will be noted, in many of the later researches a short 
glass cannula was inserted into the ureter in place of the metal catheter. 
Hence this description will serve also for the experiments to be later 
noticed. 

All being now prepared, it was necessary to wait until the mano- 
metric pressure and the urinary flow from the catheter appeared fairly 
regular. When this was so the spinal cord was severed either by section 
through the obturator membrane between atlas and occiput, or better, 
by trepanning through the arch of the axis after removal of the spine, 

bleeding in the medullary canal after division of the cord being stopped 
__ by the insertion of pieces of sponge. 

The effect of the section was an immediate and marked increase i 
the carotid blood pressure due to the nervous stimulation. Simul 
taneously the flow of urine was augmented. This lasted in general for 
but five minutes, and then the pressure rapidly sank, the renal activity 
at the same time diminishing until the point was reached at which the 
urinary secretion came wholly to a standstill. 

Upon this laky blood was slowly injected, in quantities which ‘we 
had learned from previous researches were sufficient to cause well- 
marked hemoglobinuria in the normal dog, an amount, that is, equal to 
20 or 30 c.c. of undiluted blood. 

After injection the pressure remained low, nor was there any 
recurrence of urinary secretion. 

_ The dogs thus treated were kept in the same condition oe a period 


1 Sachssendal. ‘‘Ueber gelistes Hemoglobin i im circulirenden Blute.” inane! 
Dorpat, 1880. 
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varying from half an hour to over two hours and a half, and then killed; 
the kidneys were immediately extirpated, cut into pieces about two 
centimetres thick, and placed for sixty seconds in boiling water, from 
which they were transferred to absolute alcohol. 


- April 22nd. Male, moderate-sized. 30.c. morphium 2°/, injected sub- 
2 c.c. curare 0'25°/,: 40 c.c. blood taken and made laky by 
freezing and thawing. 


Manometric | 
Time. | pressurein| Urine in c.c. Remarks. 
11.20 80 11.20. 2c.c. curare injected ; ; urinary | 
flow ceases. 
30 83 0 
40 85 0 11.45. Urinary flow begins again 
slowly. 
50 85 0-1 
12.0 90 
10. 80 10 
20 88 15 12.20-25. Spinal cord severed. 
30 oo secretion stopped 
40 24 no secretion 12.40. Injected 30 c.c. laky blood into 
external jugular vein. 
50 28 
1.0 30 — 
10 34 


1.10, Killed: no appearance of hsemoglobinuria urine in ureter or pelvis 
of kidney. Kidney cut up and placed in boiling water for one minute. Pieces 
of the other kidney placed in concentrated solution of corrosive sublimate. 


April 29th. Male, somewhat small (about 9 kilos.). 4¢.¢ morphium 
injected subcutaneously: 3c.c. curare 0°25°/,: 50c.c. blood taken and ren- 
dered laky by addition of equal quantity of water. 


Manometric | | 
Time, | pressurein| Urine in c.c. Remarks. 
10.15 | | 10.15. Secretion active: urine clear. 
35 1:0 
45 180 1:0 
55 135 15 10.55. Spinal cord severed. 
11.5 | 190 ? | 11,5-10. In five minutes 2c.c. urine, 
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11,19-11.35. Injected very slowly 43¢.c. laky blood into v. jugularis 
oes very slight increase in blood pressure caused by the — 


35 43. no sécretion 
45 38 | ~ | 
12.0 34 — 12.2. Injected 15 c.c. laky blood. 

15 39 — | 12.5. Heart action arrested for about a 
minute, Small clot in one of the 
ventricles by action of laky blood. 

30 37 

45 37 — 2 

1.0 38 

15 33 — 

30 36 

45 


12.45. Dog killed ; no appearances observable in ureter 
or pelvis of kidney : kidneys extirpated immediately, cut up, placed in boiling 
water for one minute, thence into absolute alcohol. 


May 5th, Fair sized male. 5..c. morphium 2°/, injected subcutaneously : 
Sec. curare 0°25°/,: 45¢.c. blood taken and made laky by addition of 


equal quantity of water. 
Time. pressure. Urine in ¢.c. ‘Remarks. 
10.30 1:8 (in 10 min.) 10,30. curare injected. 
45 2°0 (in 15 min. 
11.0 11.0. Spinal cord severed. 
5 155 


10| 70 | no urinary flow| 11.7, Urinary flow ceases: blood pres- 
sure at 110 mm. 


20 | 38 as 11.10. Other (right) ureter ligatured. 
11.20-30. laky blood injected. 
through v. jugularis externa. 
30 32 35-40, 15.c.c. laky blood injected. 
31 — 
12.0 30 _- 
15 12.15. 7c.c. laky blood injected. .. 
30 3 — 


12.30. Dog killed: kidneys extirpated, cut up, and boiled 70”. 

# Trace of red urine in pelvis of right kidney. 

Two other experiments may here be mentioned in which similar 
results were obtained : 


June 12th, Large well-nourished male: morphium aud curare — 
as in the previous i pasasts glass cannula in each ureter, 
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Here the spinal cord was severed, and the urinary flow ceased within five 
minutes after section. 

At 11.20. 24 .c. laky blood was injected, the pressure in the carotid 
being equal to 19 mm. Hg. There was no further urinary flow. 

At 12.30, the left kidney was extirpated, the mean carotid —* | 
during the experiment having varied between 19 and 42 mm. 

The kidney was cut up, part placed in boiling water for I’, part in 
concentrated solution of picric acid. 

After extirpation of the one kidney, sodium nitrate solution was injected 
into the external jugular vein. The continuation of the experiment however 
need not here be mentioned. 


June Vith. Small male (8—9 kilos.) aetherised, and glass 
cannula in each ureter. 
9.30. Urine flowing steadily but slowly : pulse good. 
9.45. Axis trepanned and spinal cord severed. 
9.50. Urinary flow ceases (1) 
10.5. Urinary flow wholly stopped: injected 12 c.c. laky blood oe 
dog of June 12th: the blood had been preserved in the ice chest. | 
11.10. Since injection, no flow of urine from either ureter: pulse weak, but 
regular. Left kidney extirpated. Cut up. Part boiled 75”, part placed in con- 
centrated picric acid. Continuation of experiment as in the dog of June 12th. 


The kidneys were examined both by sections cut direct out of 
alcohol, and mounted in glycerine, and by sections, cut by the microtome 
from small pieces imbedded in Kaiser’s’ glycerine gelatine, and 
hardened for 3—6 days in absolute alcohol. The sections were mounted 
in glycerine, and, in general, were not stained, for staining did not appear 
to render the menisci any more distinct. | 

In all the cases given above microscopic examination 
revealed indubitable haemoglobinuria menisci lying in the 
capsule chambers of the glomeruli. In the second experiment, 
that of April 29th, where the animal was killed two hours and a half 
after the beginning of the injection of laky blood, the granular ruddy 
brown menisci were frequently to be seen not only at the lower end of 
the capsule chamber, but also at the upper, around the stems of 
the afferent and efferent vessels. 


1 A mixture of 1 pt. gelatine, 7 pts. glycerine, 6 pts. water, with 1 gramme wate 
acid to 100c.c. of the mixture, Kaiser. ‘Botanische Centralb.” Bd, 1, p. 25. 1880. 
This mixture melts at a low temperature. 
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VIL. On the passage of haemoglobin into the urine 
and the lymph. 


We are now, it would seem, in a position to consider the nature of 
the glomerular activity. Is it purely a matter of filtration, depending 
according to Ludwig's theory, solely upon the blood pressure? Or is it 


truly secretory ? 


Judging from the results of these experiments upon injection 
of laky blood, the latter would seem to be the only satisfactory view. 
We cannot but think that here we have obtained an ocular demon- 
stration of the correctness of Heidenhain’s hypothesis ; and that the 
glomerular epithelium—the epithelial capsule ensheathing the malpi- 
ghian knot of vessels—has powers of a selective secretory nature 
and therefore ranges itself with those structures whose formation 
is of the more usually accepted glandular type. 

To test further the correctness of this opinion it appeared advisable 
to compare the amount of haemoglobin secreted by the kidney with 
that passing into the lymph channels. 

In the most recent text books the lymph is still referred to as 
a transudation, and this view would appear to be very widely held, 
despite the researches of Sinpiinghs us and Paschutin. 

Certain researches of Rogowicz’ would seem to strengthen the 
view that lymph is more than a mere transudation. Thus according to 
him the lymph flow from the leg of a dog after section of the sciatic 
nerve gradually diminishes although the blood-vessels remain dilated. 
And on the other hand curare causes an increased flow of lymph 
without any increased blood pressure (Paschutin, Tarchanoff, 
Rogowicz). But whether lymph be merely a transudation, or be due 
to a greater or less degree to. processes of active secretion, it appeared 
useful, while so little is as yet known about the subject, to observe the 
relations of the haemoglobin passing into the urine and the lymph, 
respectively. 

Laky blood being blood in which the haemoglobin is no longer 
confined in the corpuscles but is dissolved out more or less completely 
into the plasma, it follows, when such blood is injected into the 
vascular system, or when, by introducing large quantities of water into 
the vascular system, the blood of the animal experimented upon is 


1 Rogowicz, “ Beitrige zur Kenntniss der  Pfliiger’s Archiv, 1885, 
p. 254, 


A 
5 
> 
xe 
| 


NATURE OF GLOMERULAR ACTIVITY. 405 


directly rendered laky, that the serum and the amount of haemoglobin 
therein contained must supply a standard whereby to judge whether in 
urine or in lymph we are dealing with transuded fluids. 

If it be found that the amount of haemoglobin in the lymph or the 
urine is smaller than that in the blood, the appearances will harmonize 
with those due to processes of filtration; for under certain circum- 
stances the filtrate can be less concentrated than the fluid from which it 
has proceeded. But if lymph or urine be found richer in haemoglobin 
than the blood-serum, it will be difficult, if not impossible, to explain 
the phenomena by any filtration theory. 


Method of research. 


The lymph flow in these experiments was determined after the. 
manner described by Rogowicz’. A fine cannula of German silver — 
of 05mm. diameter was introduced into one of the two lymphatics 
accompanying the external saphenous vein above the ankle joint, 
the other lymphatic being then ligatured. The tendency of the lymph 
to clot in the cannula was lessened by placing over the prepared 
lymphatic a small pad of cotton wool soaked in a sodium carbonate 
solution. 

A cannula was first placed in one ureter in the manner previously 
described, and then, the lymph vessel having been with great care freed 
from the surrounding tissue, a cannula was introduced into it, and by thin 
flexible india-rubber tubing brought into connection with a long straight 
glass tube in which the advance of the lymph could be determined by 
means of an underlying millimeter scale. The tube employed was, unless 
otherwise noted, one in which a length of 10 mm. corresponded to 
0°030 ce. 

In order to produce the flow of lymph it was necessary to stroke the 
foot in such a way as to aid the passage of lymph from the toes towards 
the ankle, for, as all other observers have noted, the lymph does not flow 
spontaneously save in exceptional cases, and in these only for a few 
minutes at the beginning of the research, To ensure accuracy, and also 
as @ preventive against clotting, the stroking of the foot was as far 
as possible uniform and regular ; each five minutes the foot was stroked - 
three times in succession beginning with pressure of the toes, then 
of the ball of the foot, thence aiding the lymph onwards to the place of 
insertion of the cannula. 


1 Loe. cit. 
PH. VI. 29 
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, When now the flow of urine and of lymph was in good order 
distilled water at about 37°C. was injected into the external jugular 
vein. The amount injected was large, varying between 33 and 57 c.c. 
per 1000 grms. body weight; or, taking the quantity of blood as at a 
maximum equal to one-twelfth the body weight, the amount of water 
introduced was roughly between 40 and 70 percent. of the total 
volume of the blood. It is to be noted that the introduction of so large 
an amount of water gave rise to no well-defined polyuria; in certain 
cases there was an increase in the urine secreted, more often a distinct 
diminution consequent upon the injection. These results then on the 
whole, support Cl. Bernard’s’ observations. We did not find with 
Moutard-Martin and Richet* that injection of 30 c.c. H,O per 1000 
- grm. body weight, stopped the urinary flow altogether save indeed for 
a brief space immediately following upon injection. : 
As will be seen below haemoglobinuria rapidly made its appearance, 
and it would seem that into the lymph also small quantities of haemo- 
globin passed almost directly. | 
The experiment was prolonged until an amount of lymph had been 
obtained sufficient to be compared haemoglobinometrically with the 
blood-serum and urine, the blood being drawn from one of the carotids 
at the end of the research, and placed in the refrigerator for so long a 
time as was necessary to gain a fair amount of serum. 


May 18th. Male: weight 145kilo. 9 0.0. morphium ‘2 °/, injected sub- 
cutaneously: 9 c.c. curare [4 + 5] 0°25°/,: glass cannula in left ureter: lymph 


cannula in lymphatic accompanying the right external saphenous vein: foot 
stroked three times every five minutes. 


Lymph in 
Time. |mm. along} Urine in c,c. Remarks. 
tube. 
10.30 | 146 0-9 | 
40 | 133 1-2 10.40. Urinary flow gradually recovering from 
previous curare injection. 
50 19 10.50. Obstruction in lymph cannula render- 
| ing next reading doubtful through 
stoppage of lymph. 
| 105 11.0. Obstruction again. 


1 Cl. Bernard, Lecons sur les liquides de l’organisme.”’ Vol. 1. p. 32. 
* Moutard-Martin et Richet, ‘Recherches experimentelles sur la Polyurie.” 
Brown-Sequard’s Archives de Physiologie, 1881, 
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10| — 2°8 11.15. Again obstruction. 
20 87 23 11.25. 3c.c. curare injected. 
30 | 114 2°4 
40 | 209 2-0 
L 50 1:7 
10 85 13 12.15. Began to inject warm water. 
20 65 11 12.20. Urine ceases to flow. 
30} 61 | 12.25, 700 ec, HO injected (48:2 cc. 
1000 grm. body weight). 
; 40 51 0-4 12.30. Urine becoming red. 
50 44 0°7 12.45, Clot in lymph cannula again. 
1.0 43 0°6 (12.55. Obstruction 
1 10; — 0-5 1.5. Urine dark red, almost black: lymph 
) entering tube slightly red, 
. 20 43 06 
30 51 06 
40 56 08 1.45. _ Lymph slightly redder. 
50 69 05 
2.0 62 0°5 
10 53 0°5 
20 53 0:3 
30 45 0-4 
40 49 0-3 
, 50 45 05 | 2.56. 5 ..c, curare injected: urinary flow 
stopped for eight minutes 2.57 to 3.5. 
, 3.0 | 36 0-4 
10 | 125 0-4 
20 99 0-7 
30 96 1:1 
h 
A | 3.30. Animal killed, blood being first obtained from the carotid. The 


lymph, urine, and blood were placed in the ice chest. 


- | May 19th, morning, made careful calorimetric examination of the three 
, fluids. The haemoglobin in the urine being in part changed into methaemeglobin, 
acid (HNO.,) was during the examination added to all the three fluids, until the 
% red colour had given place to brown. 
|. The haemoglobin in equal quantities of the fluids was in “the propor- 
n tion of : 


Lymph 1. 
h Blood-serum 4°0. 
Urine 13°8. 


May “23rd, Male, weight 12 kilos.: 7 cc. morphium 2°), injected 

| subcutaneously : 7 c.c. (4+3) curare 0°25°/,. Right sciatic nerve divided. 

“4g _ Lymph cannula as usual, with usual graduated tube: cannula in right 
ureter, 
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Time. | Lymph. Remarks. 

11.40 | 221 | 
50 | 210 0-4 | 11.50. Urine contains slight amount of blood 

due to insertion of cannula. 

12.0 152 08 : 
10 151 0°8 12.15. curare injected. 
20} 122 0°6 12.24. 36cc. curare. To obtain clear urine, 

: placed cannula in left ureter. — 

30 


12.40. Determination now from left ureter. 
12.45. To gain more urine injected 20c.c, 25°/, 
NaNO, sol. Urine begins immediately 


to flow rapidly. 
1.0 12°9 
10} 106 100 | 1.5t0 1.10. 400 cc. "ley H,O injected into 
jugular. 
20} 123 8-2 | 1.14. Urine becoming red. 
30 | 139 5-2 | 1.25. 100c¢c. H,O injected (altogether c.c. 
1000 gr. body weight). 
40 | 103 50 | 1.30. Urine slightly, but not very red. 
50; — 35 | 1.40. Urine red, but not so muchsoas in previous 
experiment. 
2.0 3°8 1.50. Clot in lymph cannula. 
10} 122 4'1 | 2.0. Haemoglobin noticeable in lymph, though 
but faintly. | 
20 99 4:2 
30 88 4°] | 
40 96 3:1 
50; — 2°3 | 2.50. Clot in lymph cannula. 
3.0 84 2-0 
10; 78 0°8 


3.15. Animal killed: a few c.c. arterial blood taken and preserved in 
the refrigerator along with the lymph and urine collected after injection of 
H,O. Hemoglobinometric observation of the lymph, urine and blood serum 
gave as result that the quantities of hemoglobin in equal portions of the 
three fluids were in the relation of : | 


Lymph 1. 
Blood-serum 3°75. 
‘Urine 


The NaNO, injected had doubtless lessened the proportion of hemoglobin 
per c.c. urine in this experiment, by causing a greatly increased watery secretion. 

May 28th. Male: weight 10 kilos.: 6 ¢.c. morphium 2°/, injected sub- 
cutaneously: 9 (6 + 3) c.c. curare: 50c.c. arterial blood received into 50 c.c. dis- 
tilled H,O and made laky: lymph and urine cannulae as usual; larger graduated 
tube used for measuring lymph flow, in which 10 mm, represented 0-086 c.c. 
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Time. |Lymph,| Urine 
11.10 | 63 
20; 41 08 
30; — 08 
40 | 70 0-4 
50} 60 04 
12.0 35 0-4 
0°6 
20; — 0-4 
30 | 36 : 
40 | 35 0-7 
50 | 32 1:0 
1.0 29 it 
10} 28 0°7 
20 | 26 0-7 
30 | 21 0-4 
40 | 20 13 
50 | 23 
2.0 22 0-9 
10 | 0°35 
20 | 33°5| O04 
30 | 30 
40 | 24 
50 | 24 10 
3.0 27 15 
10 | 29 4°6 
20 | 38 3°1 
30 |} 30 2-0 
40 | 32 2-0 
2-0 
4.0. 30 2°1 
10] 36 | 1:3 
201 28 2-0 
30 | 47 16 
40} 41 0-9 
50 | 28 | 0-5 
5.0 23 2-0 


‘A “A 


Remarks. 


11.12. 


2 ¢.c. curare injected. 


11.15. Partial obstruction in lymph cannula.. 
11.35-40. 20¢.c. laky blood injected per ex- 


11.43. 


11.55. 


12.5. 


ternal jugular vein. 

Urinary flow at a standstill. 

Urine flows rapidly on irritation of 
catheter and is slightly red. 


Clot in cannula, new lymphatic ligatured 
and cannula inserted. 


12,25-30. 20c.c. more laky blood injected. 


12.40. 
12.45. 


1.0, 


1.35. 


2.40. 


4.0. 


4.18. 
4.30. 


10 cc. 20°/, NaNO, injected. 


4 curare. 
Lymph slightly darker: urine a strong 
red: pulse good. 


20 c.c. 20°/, NaNO, injected. Difference 
immediately perceptible : urine now & 
clear straw coloured red brown. 


7 c.c. curare. 

Lymph apparently not so red: urine 
slightly darker: pulse rapid and not 
strong. 


20 c.c. 20°/, NaNO, injected : 
pause in urinary flow immediate y suc- 

ing injection. Action of NaNO, 
much slower than 


3 c.c. curare injected. . 


4 ¢.c, curare. 


Pulse regular but weak. 
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5.5. Animal killed, some arterial blood having been previously drawn. 
This together with the lymph and the urines of the various wage of the 
experiment was placed in the refrigerator. 


May 29th. Comparison of the various fluids hmoglobinometrically 
shewed the hemoglobin present in equal quantities eae of two observations) 
to be in the following proportion : 


Lymph : Blood-serum : Urine A : Urine B : Urine C : Urine D : Urine E : Urine F. 


From this it will be seen that the amount of haemoglobin. per c.c. in 
the urine at first greater becomes less than that in the serum, here again — 
the injection of a diuretic, sodium nitrate, diluting the urine. The influ- 
ence of the diuretic in this experiment upon the actual amount of haemo- 

_ globin secreted in a given time will be referred to at a later period. 

_ Thus then when the blood has been rendered laky, the urine 
becomes richer in haemoglobin than the blood plasma (as 
represented by the serum) and this —* is much richer than the 
lymph. 

The great difference possible between the amount of haemoglobin in 
the respective fluids is most instructive. We find that the lymph 
contains always much less haemoglobin than the blood serum, and that 
the urine may contain 13°8 times as much as does the lymph and 3°4 
times (13°8 + 4) as much as the serum, or may during the experiment 
under the influence of a diuretic become weaker in haemoglobin than 
the serum. 

These facts concerning the urine in haemoglobinuria can scarcely be 
explained by any filtration theory, save upon the supposition that 
the larger portion of the haemoglobin in the urine has been excreted not 
by the glomeruli but by the cells of the tubuli uriniferi. — 

It is to be noticed that in sections of haemoglobinuria kidneys a 
marked granulation is observable in the cells of the tubuli contorti, the 
granules being large and of a brown or reddish brown colour, so leading 
to the supposition that some at least of the haemoglobin is here 
excreted. Afanassiew’ however has shewn in the course of a very full 
investigation upon the subject that these appearances are not due to 
haemoglobin. Producing haemoglobinuria by means of injection of 
toluylendiamin and pyrogallic acid he found that the granules in the 
cells of the uriniferous tubules could be traced from the blood into the 


1 Afanassiew. Virchow’s Archiv, Bd. 98. ‘1884, 
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urine and were degeneration-products from the blood corpuscles, the 
injected material causing small globules, or buds to break off. These 
granules were never to be found in the capsule chambers of the 
glomeruli. In certain cases toluylendiamin or pyrogallic acid was 
injected in quantities insufficient to produce haemoglobinuria, the — 
urine remaining clear and unaltered as to colour. Here nevertheless a 
definite destruction of the corpuscles was observable, the brown granules 
were present in the cells of the tubuli contorti and could be observed in 
the lumen of the tubules, and again in the sediment of the urine, 
collected together into characteristic ‘drops’. These drops he always 
found microchemically to be free from haemoglobin, and the urine itself 
in the special cases mentioned above contained none of this substance. 
Hence Afanassiew is of opinion that haemoglobin when appearing in the 
urine has passed out wholly through the glomeruli. 

If we accept Afanassiew’s conclusion that haemoglobin is not 
secreted by the convoluted tubes it follows that the passage of 
haemoglobin through the glomeruli is a secretory process; for the 
urine could not contain a greater percentage of haemoglobin than the 
blood serum if the haemoglobin were simply filtered through the 
capsule. 
_ This series of experiments cannot be said to have elucidated the 
question as to the nature of the lymph. From the fact that the amount — 
of haemoglobin in lymph was always considerably less than that in the 
serum no fresh data have been gained as to the secretory nature of this 
fluid—for the appearances can be equally well explained upon a 
filtration hypothesis, 
_ The next series of experiments undertaken in order to determine 
whether diuretic substances have any influence upon glomerular activity 
will illustrate still further the quality of the glomerular secretion. 


VIIL The action of diuretic substances on glomerular activity. 


Heidenhain’ puts the question ‘...Ob die reichlichere Anwesenheit 
‘harnfihiger’ Substanzen im Blute nur die Epithelien der Tubuli contorti 
zur Wasserabsonderung veranlasse, oder ob nicht etwa auch die 
Knaiielepithelien durch die diuretisch wirksamen Substanzen zu 
erhéhter Thatigkeit angeregt werden ?’. 

As already mentioned our experiments upon the frog led us to 
consider that certain phenomena there observed could be explained on 


1 Heidenhain. Hermann, Bd. v. 1. p. 340. — 
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the supposition that the introduction of urea into the blood had a 
direct action upon the glomerular epithelium, oe this to increased 
activity. 

Nussbaum’ grounding his hypothesis in like manner upon the 
action of urea in the frog with ligatured renal arteries, accounts for the 
diuretic action of urea, urea nitrate and sodium nitrate on the supposi- 
tion that these diuretics in their passage through the cells of the tubuli 
require to be accompanied by more water than for instance is necessary 
with sodium sulphindigotate. Bearing in mind the nature of these 
substances and remembering their diuretic effects—the enormous 
increase which when introduced into the system they are capable of 
inducing in the quantity of water excreted, and the rapidity with which 
that excretion takes place—it seemed to us that a more plausible theory 
was to be found in the supposition that the water here, or at least the 
greater part of it, was passed out through the comparatively simple 
system of the glomeruli with its rich blood supply, rather than through 
the epithelium of the tubuli. 

- - The haemoglobinuria experiments upon the dog gave us a means of 
testing the accuracy of our views. 


Method of determining directly the passage of increased quantities 
of water through the glomerular epithelium. 


If in an animal a condition of Sole bditin be induced, and, 
when this is well marked, one kidney be extirpated and placed for a 
moment in boiling water, and if after extirpation a diuretic be injected, 
and when its action is at its height the animal be killed, the other 
kidney removed and treated in all respects like its fellow; then, caeteris 
paribus, we should expect that, provided the diuretic has acted through 
the epithelium of the tubules, the number of menisci in the two kidneys 
should be roughly the same; if on the other hand the diuretic action 
has been due to the intermediation of the glomerular epithelium we 
ought to find a distinct difference in the size and comparative frequency 
of the menisci in the two kidneys. Through the increase in the amount 
of water secreted the haemoglobin should to a large extent be washed out 
of the capsule chambers of the glomeruli, and, owing to the smaller 
amount of haemoglobin secreted compared to the water secreted the 
menisci obtained should be much smaller in the kidney removed after 
the action of the diuretic than in that extirpated before its injection. 


1 Nussbaum. Pfliiger’s Archiv, Bd. xvt. p. 143. 
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In the expectation that by working along the line of enquiry here 
suggested a definite result would be obtained, we proceeded as follows, — 

Having placed a cannula in each ureter haemoglobinuria was induced 
by the injection of laky blood, and when the urine was of a deep red 
colour the animal was placed on its side, and the left kidney extirpated 
from the lumbar aspect. Great care was taken in removing the fat 
capsule and in ligaturing the renal vessels so that the kidney was to as 
small extent as possible subjected to any injurious pressure. Upon 
extirpation it was immediately cut up as usual, and placed for 60—70” 
in boiling water, thence transferred to absolute alcohol. Then, before 
there had been time for any essential alteration in the amount of 
haemoglobin free in the blood 20°/, solution of sodium nitrate was 
injected into the external jugular vein in quantities representing 3—5 
grams of the nitrate. 

In a minute or two the effect of the diuretic was very evident, and 
within ten minutes the urinary flow was, as we had learned from 
previous observation, at its maximum. This being the case the animal 
was straightway killed, the right kidney removed and treated like’ its 
fellow. Blood was taken at the death of the animal in order to compare 
the haemoglobin of the serum with that present in the urine, The 
urine obtained before and after injection of the diuretic was preserved, 
the amount being carefully noted. 

The kidneys were examined and the menisci enumerated by sections 
both out of alcohol, and out of glycerine gelatine, mounted in glycerine. 

May 29th, Male: weight 9 kilos: 7¢.c. morphium 2°/, injected subcu- 
taneously: 10 (7 +3) cc. weak curare 0-25°/,: 50 cc. blood received from 
the carotid into an equal quantity of H,O: glass cannula in each ureter. 


Urine from | Urine from 


Time, | L. kidney | R. kidney Remarks, 
in in 6.6, 
11.0 0°9 10 Both urines quite clear. 
10 12 11 11.15-20. 25.¢.c. laky blood injected into 
jugularis externa. 
20 1:3 13 11.20. Urinary flow at a standstill. 
30 0-1 0.1 11.28. Urinary flow begins again. — 
40 10 0°95 11.32. Urine slightly red in both cannule. 
50 1:0 0°75 11.35, Urine from left slightly redder than 
from right. 
12.0 0:35 06 11.50-55. 250c. laky blood injected. 
10 0°85 0°8 12.5. Both urines now much darker and 


apparently of same colour. 
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12.15-12.30. Left kidney extirpated, cut up and boiled. 

12.30. Flow from right ureter stopped. 
12.35. 25¢.c. 20°/, NaNO, solution injected into v. jugular externa 
12.37. Urine ii to flow. 


IS 


40 17 


In five minutes. 
In eight minutes. 
1.5. 3c. curare. 


1.40. 10¢.c. 20°/, NaNO, solution. 


1.47. Dog killed: kidney extirpated, cut up, boiled etc. 
Urines collected between 11.35 and 12.15 taken as R, and L, respectively. 
Urine from right kidney alone from 12.37 to 1.10 as Ry. 


from 1.10 to 1.40 as Ryn. 


A. Examination of sections of the two kidneys cut simply out of 


the following results : 


_ alcohol and also out of glycerine gelatine, with Zeiss D. _ ocular 2, gave 


i. Left extirpated kidney. 
a. Total number of glomeruli observed. ..226. 
Number with 74. 
a: B=226 : 74=100 : 82°7, 
_ Therefore percentage of menisci present = 32°7. 
li. Raght kidney, removed after action of NaNO,,. 
a. Total number of glomeruli observed. ..381. 
8. Number with 
a: B=3881 : 52=100: 1356. 
Therefore percentage of menisci present = 13°6. 
ill. Thus, percentage of menisci in left kidney: percentage of 
menisci in right kidney = 32°7 : 136=2°4 : 1. 
That is, there are almost two and a half times more menisci 
present before injection of the diuretic than after injection. 
_ B. The urines R, L, etc. were placed in the reffigerator and 


examined next morning haemoglobinometrically. 


i. The urines secreted by the two kidneys after injection of laky 
blood contained practically the same amount of haemoglobin. Mean of 


two determinations : 


R,: L,=1 : 0969. 


ii After injection of NaNO, the amount of haemoglobin per c.c. urine 
(urine Ry) sank aia Taking the mean of two determinations: 


: Ry= 0'587. 
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iii, In the urine obtained during the last period of the research 
(Ry) there was a further slight diminution (mean of two determina- 
tions) : 

Ry =1 : 0471. 

C. Determination as to whether despite difference in amount of 
water excreted, the amount of hemoglobin secreted in a given time 
remained constant. | 
R, =29c.. urine, secreted in 40’, containing haemoglobin per ce. as i0 
Ry = 9°6 cc. ” ” 40/ ” » ” 0587 

On reducing Rin to the same voriod as the chews | 
Ri = 7°68 cc, urine, secreted in 40’; containing haemoglobin per cc. 

as 0°471.. 

That is in a given time the relations of the three urines were as 
shewn above. 


Relative amounts of urine excreted : 29 96 768 
Relative amount of haemoglobin perc.c. excreted: 10 0587 0471 
The relationships of the actual amount of haemoglobin 
secreted in a given time during the course of the experiment 
will be gained by combining the results of the two tables given 
above :— 
BR, X10 Haemoglobin secreted in unit of time 
| previous to injection of the diuretic. 
Ry ...9 6 x 0'587 = 5°635... Haemoglobin secreted in unit of time after 
injection of NaNO,. 
7°68 x 0°471 = 3617... Haemoglobin in anit of time at later period 
of the research. 3 
Or: the amount of haemoglobin secreted by the one kidney 
was, in the unit of time before injection as 29; after injection 
as 5635, sinking later to 3617. That is, through injection of the 
diuretic, sodium nitrate, the amount of haemoglobin per c.c. urine 
sinks greatly [in this experiment from 10 to 0587 and 0471] 
nevertheless the actual amount secreted exhibits a still more marked 
increase [from 2-9 to 5°63 and 3°61 respectively]. | 


June 3rd. Strong well-nourished female: given water early this morning, ... 


fed previous evening: 6c.c. morphium 2°/, injected subcutaneously : 3 c.c. 
curare 0°25°/,; 50 c.c. blood received from the carotid into an equal quantity of 
11,0 ; glass cannulae in both ureters. 
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Urine from | Urine from 
Time. | R. kidney | LL, kidney | Remarks, 
in in 
10.0 1-4 1-4 9°58, 2c.c. curare 
10 12 13 10.20-25. 25 cc. laky blood injected. 
20 13 0-9 
10 10,30. Red urine appearing already in 
40 1:0 0-9 cavnule. 
50 10 08 | 10,55-11.0. 20cc¢, laky blood injected. 
11.0 0-9 0°6 
mr 29 0-7 11.15. Pulse slow but strong: urine from 
: L. kidney apparently slightly darker 
than from R. 
20 1:2 
30 2°0 2°2 11.30. 2c.c, curare. 


11.30-40, Left kidney extirpated, cut up, boiled etc. 
11.50-54, 20cc. NaNO, 20°), injected. 11.55. Urine flowing rapidly. 


12.0 = 12.0. 10¢.¢. laky blood injected: 12.5 urine 
already darker. 
10 49 | 12.8. 10¢.c.more NaNO, 20°), injected: flow 
of urine rapidly i increases. ue 


12.14. Dog killed. Right kidney immediately removed, cut up, boiled, etc, 

A. Examination of sections as before gave the following results : 

1, Left extirpated kidney. 

a. Total number of glomeruli obseeved:. .167. 

8. Number with 81. 

a: B=167 : 81=100 : 48°5. 
Therefore percentage of glomeruli bearing menisci is 48°5. 
ii. Right kidney, removed after action of NaNO,. 

a, ‘Total number of glomeruli observed. ..152. 

8. Number bearing menisci........... 

a: B=152 : 46=100 : 302. | 

Therefore percentage of glomeruli bearing menisci = 30:2. 

ili. Thus: percentage of menisci in left kidney: percentage in 
right kidney = 48'°5 : 302 =1°6 : 1°0. 

Or: There were more than one and a half times as many 
glomeruli with menisci in the kidney before the introduction of the 
diuretica as after injection. 

B. The urine of the various stages of the experiment was placed in 


the ice chest along with arterial blood obtained at the end of the 
research, 


r 
a 
+ 
2 
“4 
te, 


NATURE OF GLOMERULAR ACTIVITY. 417 


They were | 
R, and L, obtained in the first 35’ after injection of laky blood. 
R, and Ly - the succeeding 20’, more laky blood _ been 


injected, 

Rn Fe the first 15’ after injection of sodium nitrate. 

Ry . the succeeding 14’, more laky blood having been 
injected. 

me ii the succeeding 3’ after further injection of 
sodium nitrate. 


i, The urines secreted by the two kidneys after injection of laky 
blood varied slightly in the amount of haemoglobin contained, that from 
the right kidney being at first somewhat richer per c.c. in haemoglobin, 
but becoming poorer in the second stage. 

R I : 0°95. 
Ry : Ly =10: 110. 

This variation also held true in the absolute amount of haemoglobin - 
excreted during a given time by the two kidneys. 

ii. Taking the amount of haemoglobin, per c.c.,in Ry as unit the 
amount of haemoglobin per c.c. in the two urines from the right kidney _ 
after injection of laky blood (R,; and R") was 

Ry : R; =1°0 : 5722. 
Ry : Ry =1°0 8521. 

That is the injection of more laky blood (see above) has definitely 
increased the amount of haemoglobin excreted per c.c. urine. 

iii. The relationship of the amount of oye per c.c. in the 
urines before (R,; and Ry) and after (Ry,;, Ryy, Ry) injection of the 
diuretic, and the relationship to the amount of haemoglobin free in the 
blood serum is exhibited in the following table of haemoglobinometric 
determinations, Ry, being taken as unit : 

R, : Rg: Rm: Bry : Ry: Blood serum 
572 : 852: 551:186:10: 436. | 

Here again we find that the amount per c.c. of haemoglobin in the 
urine, at first greater than that in the serum, becomes less after action of 
NaNO,. 

C. Determination as to the actual amount of haemoglobin secreted 
before and after the injection of the diuretic. 

Reducing the amounts of urine excreted to a unit. 

R, in 35 minutes 3'6c.c. excreted, in 100 minutes 10°28 c.c, | 
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Ryy in 14 minutes 9°4.¢.c, excreted, in 100 minutes 67:14 c.c. 
Multiplying these results into the results giving the proportion of 
haemoglobin secreted per ¢.c. urine, the relationships of the actual amounts 
of haemoglobin secreted in a given time are obtained. 


| Rao | Rm | By | Ry 


Relative amounts of haemoglobin 

per ¢.c. as: 572 | 852. | 551 1:86 10 
Amount of urine secreted per unit | _ | | 

of time, as: 10°28 | 17°0 180 | 67:14 | 500 
Absolute relation of haemoglobin 

secreted in unit of time: |144°85 | 99°34 | 126.28 | 500 


In this experiment then we have again demonstrated the passage of 
water through the glomeruli (by enumeration of the menisci) but have 
not as before obtained clear evidence of an increased secretion of 


_ haemoglobin at the same time. 


June 5th. Female, about 10 kilos. ; 7 c.c, morphium 2°/,: 4 ¢.c. curare: 
50 c.c. blood received from carotid into equal quantity of water, glass cannula 


in each ureter. 
Urine from | Urine from | 3 
Time. | R. kidney | L. kidney Remarks. 
in ¢.c, in ¢.¢, 
10.0 15 15 Urine clear and colourless, 
10 1-4 1:7 10.8, curare. 
20 15 1-6. 10.18, 2c.c. curare given to diminish uri- 
nary flow: without effect. 
30 23 10.35-40. 20 laky blood injected: pulse 
becomes very rapid and weak. 
40 20 1:3 
0-1 0:0 10.55. Pulse improving. 
11.0 00 . 0-0 | 11.2. Urine begins to flow again: already 
10 0:7 1-4 11.10-18. Pulse good: 20c.c. laky blood 
injected. 
20 18 1:2 
30; 15 15. 11.30-35, 20c.c, laky blood injected. 
40 2°4 1-7 
50 18 2-0 11.50, Left kidney extirpated, cut up, 
boiled ete. 
12.10 12.10-13. 20ec, NaNO, 20 */, injected. 
20 6:1 12.12. Urine begins to flow rapidly. 


12. 99. Dog killed: right kidney removed, cut up, boiled etc. 
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A, Examination of the sections as before gave following results: 
i. Left extirpated 


(1) June 10th (2) July 14th 
with Zeiss A, with Zeiss D. 


a. Number of glomeruli observed...169 578. 
‘8. Number bearing menisci .......... 102 304. 

(1) a: B=169 : 102=100 : 60°35. 

Therefore percentage of glomeruli with menisci = 60°35. 

(2) a: B=578 : 304=100 : 525. 

Therefore percentage of glomeruli with menisci = 52'5. 

ii. Right kidney removed after action of NaNO,. 

° (1) June 10th. (2) July 14th. 
a. Number of glomeruli observed...264 514. 
8. Number bearing menisci.......... 83 140. 
Therefore percentage of glomeruli with menisci in examination (1) = 31°43. 
is (2) = 27°23. 

iii. Compazing now the percehtages of glomeruli with menisci in 
the two kidneys: 

(1) Percentage of menisci in left kidney: percentage in right kidney 

=6035 : 3143 =1°92 : 1°0. 
(2) Percentage of menisci in left kidney: percentage in right kidney 
= 52°5 2723=1°96 : 10. 

The two series of results are here given to shew that with different 
methods of observation at dates wide apart and with different series of 
sections, results were obtained which coincided remarkably: hence the 
enumerations may be accepted as exact. We find here that there 
are almost twice as many menisci in the kidney extirpated 
before injection of the diuretic as are to be observed after 
injection. 

B. The urines collected and examined were : 

R, and L, obtained in 40’ and 45’ respectively after injection of laky blood. 


Baty ? minutes after extirpation of left kidney, partly also 
when effect of diuretic was beginning to appear. 
Rea a 9’, when effect of NaNO, injected was apparent. 


Haemoglobinometric observation the same afternoon gave the following 
as the relationship of the amounts of haemoglobin 3 in the various fluids 
per c.c., Ry, being taken as unit. 

R, : Ly : Ra: Rm: Blood serum. 
2°165 : 2175 : 298: 10: 

From this it will be seen that 
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i. The urine from the two kidneys contained practically the same — 
amount of haemoglobin per c.c. 

ii. As usual the serum contained less ‘haemoglobin than did the 


urine before injection of the diuretic, more than after that injection. 
C. Determination as to the actual amount of ‘haemoglobin, secreted 


_ before and after injection of. NaNO,. 


Reducing the amounts of urine euorsted to unit : 

in 40 minutes c.c. urine excreted; in 100 minutes 18°85 c.c. 
| Rin 9 ” 4°3 c.c. ” ” ” 47 c.C. 

Multiplying these results into the results given above (B), the 
proportion of the actual amounts of haemoglobin secreted in a given 
time is obtained: 


| R, | Rn 
Relative amounts of haemoglobin, per c.c.,as | 2°165) 1°0 
Amount of urine excreted per unit of time, as | 18°85 | 47°7 
Absolute relation of haemoglobin secreted in 
unit of time. 40°81 | 477 

Here then the amount of haemoglobin secreted after action of 
sodium nitrate is increased, compared to that secreted before injection 
of the diuretic. R,; cannot here be considered, inasmuch as the exact 
time occupied in its secretion was not exactly ascertained ; this was a 
transitional urine, part being due to the action of laky blood alone, part 
to the action of the injected NaNO, Taking an approximate view, it 
would seem to have been richer in haemoglobin than either of the others. 


June 10th. Female, weight 16}kilos. 10¢.c. morphium 2°/, injected 
subcutaneously : 6 c.c. curare 0°25 cannulae in both ureters, 


Urine from | Urine from 
Time. | R. kidney | L, kidney Remarks, 
in in ¢.¢, 

10.0 0°6 06 Urine clear but flowiug slowly. 

10 0-4 10.5. 3c.c. curare. 

20 0°7 0-6 10.20-27, 500c.c. H,O at 38°C, injected 

30| 0-2 0-1 0. 

: ‘ 10.35. Pulse and 

50 0-1 0:2 10.50. Urine becoming red in cannulae. 
11.0 0-7 1-2 11.0. Left much darker than right. 

11.10. Both now very dark red. 


‘ 
er: 
; 
3 
“aa 
4 
J q 
2 
z 
ws 
eh 


NATURE OF GLOMERULAR ACTIVITY. 421 


30 0-3 0-4 11.35-50. Left kidney extirpated, cut up, 
boiled 75”. | 

40 — — 

50 — — 11.53-12.0. 25¢.c. NaNO, 20°/, injected. 

12.0 — 12.3. NaNO, 20%, injected. 
10 3°6 — 12.0. 3-6c.c, urine in 12 min. 
20 1:2 — 12.12. 10c.c, NaNO, 20°/, injected: urine 
stopped and began again at 12.19. 
2 


12.40. Dog killed: pers extirpated, cut up and boiled 7 5”. Blood 
taken from carotid. 


A, Examination of the section gave following results. 
i. Left extirpated kidney. 
Number of glomeruli observed. ..500. 
Percentage bearing menisci..... 40. 
1 Right kidney removed after action of sodium nitrate : 
Number of glomeruli observed. ..407. 
Percentage bearing menisci...... 20°8. 

iii. Thus: Percentage bearing menisci in left kidney: percentage 
in right kidney = 40 : 20°8. Or roughly there are twice as many 
glomeruli bearing menisci in the extirpated, as in the non-extirpated 
kidney. 

B. The urines olloated and examined were : 

R, and L, collected in 30 minutes previous to extirpation of left kidney. 
Ry fs 16 minutes previous to death of the animal, during 
well-defined action of the diuretic. 

Haemoglobinometric observation the same afternoon gave the 
following proportion of the amounts of haemoglobin in the urines and 
in blood serum, per c.c., R; being here taken as unit (as always, mean of 
two determinations). 7 
R,: L,; : Rg : Blood serum. 

10 : 1065 : 0618 : 0°40, 

Here the amount of haemoglobin per c.c. in the urine after injection 
of NaNO, remains greater than that in the blood serum—otherwise the 
appearances are those observed in all the previous experiments. 

C. Determination as to the actual amount of — secreted 
before and after injection of the NaNO,. 

R, in 30 minutes 13. urine in 100 4°33 

Multiplying these results into the seule given above in B, we gain 
the proportion of the actual amounts of haemoglobin secreted in a given 
time :— | 
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R, Rn 


Relative amount of haemoglobin per c.c., as 10 0°618 
No. of c.c, urine excreted per unit of time, as 4°33 | 20-625 
Proportion of haemoglobin excreted in unit of 

time : 4°33 | 12°74 


In this experiment as in the first of the series there is a very definite 


and characteristic increase in the amount of haemoglobin secreted after 


injection of the diuretic. We see a great increase in the amount of 
water excreted, accompanied by an increase in the haemoglobin secreted. 
Lastly, in the experiment of May 28th already given (p. 409) where 


there was no extirpation of the kidney, a similar series of determinations 


was made whose result may be briefly given. 


Proportion of 
Relative amount No. of¢.c. absolute amount 
of Hb pere.c, urine per of Hb per unit 
urine, unit of time. of time. 


Urine A [effect of laky blood alone] 4:31 x 8:85 = 38-14 
4, B [after first injection of NaNO,] 2-72 x 10°23 = 27°74 
» © [maximum influence of NaNO,] 2°31 x BS = 127-05 

,», D [succeeding urine] 1:53 x 18°43 = 28-19 


In this experiment the increased secretion of haemoglobin when 
the influence of the diuretic is at its height is yet more strongly marked 
than in any of the preceding cases; and it must be noted that here there 
had been no extirpation of one kidney: both were in full working order. 

We can now answer Heidenhain’s question as to whether diuretic 
substances may not have a stimulating action upon the glomerular 
epithelium. 

The line of research pursued would seem to have yielded definite 
results. Not only do we find that by the means employed it is possible 
to demonstrate directly the passage of water through the glo- 
meruli, as shewn by the diminution of the number of menisci observable 
after injection of sodium nitrate, but also that sodium nitrate owes its 
diuretic effects, in part if not wholly, to direct action upon the glo- 
merular epithelium and not, as Nussbaum has thought to have 


shewn and Heidenhain has considered possible, to its influence upon 


the cells of the tubuli 

We also discover that the diuretic by inducing increased activity in 
the glomerular epithelium excites it to an increased secretion of 
haemoglobin. We see in fact, assuming always the correctness of 
Afanassiew’s researches as to the passage of the haemoglobin solely - 


through the glomeruli, that under the influence of the diuretic the 
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secretion of both water and haemoglobin through the agency of the 
glomerular epithelium is increased, that of the water however to a greater 
extent than that of the haemoglobin. 

Whether, in this action, the sodium nitrate appearing in the urine 
has itself passed out through the glomeruli, we have no means of 
ascertaining. Judging from these observations, in that they shew that 
the nitrate has a direct effect upon the glomerular activity, and from 
the simple nature of the salt this would seem not improbable; and by 
analogy it is also not improbable that urea, urea nitrate and other 
diuretic substances of a like nature may undergo a like secretion. 


IX, Further experiments as to the secretory nature of the 
glomerular epithelium. 


On the influence of curare upon the lymph and urinary flows 
respectively. | 

We have already pointed out the great difference that exists in the 
relative amounts of haemoglobin passing into the urine and the lymph. 

Equally characteristic is the action of curare, though here the working | 
is of a totally different order. 

Paschutin’ in the dog, and Tarchanow’ in the frog have pointed 
out the remarkable action of curare upon the lymph flow, and Rogowicz 
working with Heidenhain has carried our knowledge of this action 

further. 

: Large doses of curare cause a perceptible sinking in the carotid 
blood pressure; in spite of this and in spite of the complete loss of 
muscular motion, Rogowicz* found that, if the sciatic be divided, and 
the capillaries thereby already dilated, curare still brings about an 
enormous increase in the lymph production in the foot, there being at 
the same time no increase in the temperature of the foot. From 
which it would seem that the amount of blood passing through the 
capillaries is not the sole factor in producing the formation of lymph. 

Curare has however an opposite effect upon the renal secretion. 
Amounts of curare which cause an appreciable decrease in the blood 
pressure, but which certainly do not lower that pressure to a point at all 
approaching Griitzner’s* or Ustimowitsch’s’ limit at which the urine 


1 Paschutin. Sitzungsber. d. Kgl. Sdchs. Geselisch. 1873, 8. 114. 

2? Tarchanow. % Rogowicz. Loc. cit. 8. 277. 
* Griitzner. Archiv f. d. ges. Physiologie, x1. 8. 372, 1875. 

Ustimowitsch. Ber. d. Kgl. Stich. Gesellsch., Dec. 12, 1870. 


3 
+8 
4 
# 
=. 
q 
3 
Ng 
bi 


494 J. G. ADAMI. 


ceases to flow', may induce a prolonged stoppage of the urinary flow, 
and smaller amounts having a scarcely noticeable or but momentary 
effect upon the general blood pressure have relatively an influence of 
much longer duration upon the kidneys. Or, in other words, the 
passage of water through the kidneys may be stopped for several 
minutes by the injection of an amount of curare which causes but an 
insignificant alteration in the general blood pressure. 

This difference in the action of curare upon the flow of urine and 
lymph was well illustrated in the course of an experiment upon the 
haemoglobin secretion, the lymph and urine being observed every five 
minutes. 

May 18th. Dog: male: weight 14°5 kilos.: cannula in left ureter; lymph 
cannula in one of the lymphatics accompanying the external saphenous vein 
of the right leg: usual lymph collecting tube. 


Time. | Lymph. oe Remarks. 
2.45 22 
50 | 23 o2 : 
55 17 0°3 2.57. 5c.c. 0°25°/, curare injected. Urinary 
flow stopped almost immediately. 
3.0 19 0-1 : 
5 35 
10/]. 90 “4 3.10. Lymph flow at its height. 
15 51 03 | me ie 
20 48 04 
25 52 0°5 
0°6 


It will be seen that the urinary flow was brought practically to an 
immediate standstill, and continued stopped for the space of seven or 
eight minutes, after which it regained its previous rate, indeed in a 
short time exceeding that rate. On the other hand it was ten minutes 
or more before the lymph flow reached a maximum, a maximum 
representing between four and five times the amount of lymph 
excreted per five minutes before the injection of curare. The action 
of the curare on the lymph formation is here of considerable duration. 
This tallies with the observations of Rogowicz’ who found that with 
larger doses the influence of the curare was still marked at the end of 
two hours. 

In the experiment above tabulated the amount of curare injected 


1 80 and 40—50 mm. Hg. respectively. 2 Rogowicz. Loe. cit. 8. 278. 
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was comparatively small, was not large enough to produce in so large a 
dog any but a quickly passing effect. With still smaller amounts there 
is no clearly marked alteration in the urinary flow: a — stop- 
page may be noted, but that is all. 


On the action of sodium nitrate upon the secretion of lymph and 
| urine. 


Of the working of sodium nitrate upon the glomerular epithelium 
we have already spoken at sufficient length. It is to be noted that 
contemporaneously there is no definite alteration in the lymph flow, 
what changes there are being explicable on other grounds. 

So in the research tabulated upon p. 408 we find: 


Time. | Lymph. | Urine. Remarks, 

12.5 154 0-7 Urine from right kidney. 
15 | 140 0-7 
25 | 121 
40; 131 0°6 Urine from left kidney. 
50 | 121 1-4 12.45. 20cc. NaNO, 25°), injected. 

102 1.5 t0 1.10. warm injected. 
10 | 106 10:0 
20 | 123 


Here with the urinary secretion increased about twenty-fold the 
lymph would appear to continue unchanged, for what diminution takes 
place is to be explained by the fall in amount which always ensues at the — 
beginning of a lymph research, a fall whose cause it is difficult to 
determine. The subsequent slight rise is that not unfrequently observed 
after the injection of large quantities of water. 


Experiments to determine the effect of other substances upon the 

urinary and lymph flow. 

“We have seen that curare has a widely different action upon the 
lymph and the urine, greatly increasing the flow of the one, while 
diminishing or bringing to a complete standstill the excretion of the other. 
In order to observe whether other substances possess the influence of — 
curare a series of experiments was made with injections of physostig- 
min, conia, methylanilin and muscarin. These may be referred to 


briefly and tentatively, seeing that the series of observations cannot 
be com 
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The experiments were conducted after the manner of the previous 
urine-lymph researches with this alteration, that the changes in the 
carotid blood pressure were registered upon Ludwig’s Kymographion. 

Physostigmin, conia and methylanilin would all seem to have the 
same effect upon the two excretions as has curare, although not to the 
same extent. 

Injection of 1 to 6 cc. physostigmin ith ‘ into the vascular system 
caused an immediate and remarkable rise in the blood pressure. The 
pressure however rapidly sank, and within five minutes was but a few 
millimetres above that previous to injection. Here in general it 
remained for some period, though where large quantities, for instance 
6 c.c., had been injected there was, succeeding the rise, a fall of pressure 
to considerably below the normal. ‘Associated with the rise of blood 
pressure was often to be noted a slightly increased flow of lymph, the 
- two curves however not being wholly synchronous. In one case only 
(after an injection of 2 c.c. of the Physostigmin 0°125 °/,) did the amount _ 
of lymph excreted per five minutes become double that per five minutes 
before injection, and here the increase was during a period twelve to 
seventeen minutes after injection, when alreaty the great rise of blood 
pressure had subsided for some time. 

But despite the slight general increase in blood pressure the urine 
would seem to be affected by physostigmin to a much greater extent 
than by curare: the stoppage may not be so immediate as with curare, 
but is with even but 1—2c.c. of the 0°125 °/, solution of much longer 
duration. 

Roughly it may be said that physostigmin and curare would appear 
to have an analogous action, although the one causes an increase, 
and the other a slight decrease of blood pressure. 

The action of conia also resembles that of curare, though far from 
being so well marked as regards the lymph. Injection of from 5 to 
15c.c. of a 1 °/, solution, the drug being dissolved in water slightly 
acidulated with acetic acid, causes a slight increase in the lymph and a 
stoppage or decrease in the urinary flow. There is upon injection a 
marked but momentary increase in the blood pressure, followed by a 
long continued decrease, the pressure falling below that before injection. 

Methylanilin, which in its general effects upon the system is allied 
to curare, had no marked effects upon the amounts of eitlier urine or 
lymph, whether injected subcutaneously, or into the external jugular 
vein as a 0°4°/, solution. After injection, both ‘urine and — con- 
tained haemoglobin. 
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Muscarin causes an immediate fall in the blood pressure, followed by 
a rapid rise, Thus for instance in one experiment: 


Carotid pressure 
Time. in mm, Hg. — Remarks. 
115 125 2¢.c. muscarin solution injected. 
11.6 70 
11.8 110 
11.10 110 3c.c. muscarin solution injected. 
1111) 
11,12 
11.14 100 


The muscarin solution employed was that of one drop of muscarin in 
50 H,O. 


nearly but not quite to its former height. | 
Injection of 4 to 6 c.c, 
lymph and urinary flows. ; 
— It is seen then that curare, physostigmin, conia and muscarin would — 
appear to cause a diminished renal activity, but the diminution is not 
accompanied by any sufficiently important decrease in the general 
blood pressure, With physostigmin indeed the case is reversed, the 
pressure being increased. What these appearances denote cannot now 
be determined. It is possible that some or all of these substances have 
a direct action upon the renal epithelium, upon the epithelium of the 
tubules or still more upon the epithelial capsule of the malpighian knot 
of vessels, but the phenomena may be likewise explained by local 
constriction of the vessels of the kidney. Whether this is the case or no 
will best be determined by a continuation of Roy’s oncometric 
researches. That the central nervous system has, in the case of 
physostigmin, but little effect upon the action was indicated in an 
experiment where the renal nerves of the left side were divided as 
completely as possible, those on the right being left intact. The urine 
on both sides was flowing rapidly, excretion having been induced by 
sodium nitrate, whose effect was more marked upon the side with intact 
nerves. Upon injection of 2c.c. of the physostigmin 0:125 °/, solution, 
both flows came to a standstill within three and a half minutes. The 
action of the drug continued somewhat longer upon the side with 


cut nerves. 
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With regard to the lymph, physostigmin, conia and methylanilin 


would seem to resemble curare, although their effect is not so well 
defined. Muscarin on the other hand, has a tendency to diminish the 
lymph flow. But beyond the information thus gained it must be said 
that the observations have led to no certain conclusions. 


X. Albuminuria and Control experiments. 


Our experiments upon albuminuria were far from being as complete 
as those upon haemoglobinuria, nor were the results as definite and 
satisfactory. Posner’ has shewn that the albumin appearing in the 
urine in pathological cases is passed out through the glomeruli, and he 
and Ribbert® have demonstrated that in the albuminuria induced by 


great alterations in the blood pressure of the kidneys, a similar excretion 


through the glomeruli takes place. Bergelius discovered that egg 
albumin injected into the system, brings about a condition of 
albuminuria. Stockvis*, Lehmann‘ and others have confirmed these 
observations and found that the egg albumin passes into the urine 
unchanged. Nussbaum’ by the method already indicated, came to the 
conclusion that egg albumin was passed out through the glomeruli. 

_ To determine whether egg albumin is secreted by the glomerular 
epithelium,—whether, with lowered blood-pressure ‘and stoppage of 
urinary flow, albumin is still excreted ;—we proceeded along the same 
lines as in the haemoglobinuria experiments. © 

- With frogs the following experiments were undertaken : 


July 31st. Large healthy female frog. 

10.30. Renal arteries carefully ligatured by the later method (without 
section of backbone). 

12.0. Injected lec. 25°/, solution of egg albumin in NaCl 06°,; 
bladder emptied and anus ligatured. 


August Ist. 10.30. Killed: boiled kidneys 30”, The bladder contained 
3c.c. urine: thick flocculent precipitate upon boiling and adding drop of 
acetic acid, Presence of albumin in large quantities confirmed by Millon’s 
reagent and xanthroproteic test. Microscopic examination disclosed faint and 


indefinite appearances in the capsule chambers: no clear menisci of albumin 
could be discovered. 


1 Loe. cit. 2 Loe. cit. 


* Stockvis, ‘Recherches experimentelles sur les conditions pathogeniques de 
Yalbuminurie.” Bruxelles, 1867. 


*Lehmann. Arch. f. Path, Anat. xxx. 1864. 5 Loe, cit. 
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Two other frogs, ligatured, operated upon in April had given similar — 
results. In the one 0°5 cc. carefully strained fresh egg albumin had 
been injected into the vena abdominalis ant., in the other 15 cc. of a 
25 °/, solution of egg-albumin in NaCl.06°/, Both were killed at the 
end of six hours after injection, neither having given any urine in the 
meantime. | 

In the former case the capsule chambers were completely free 
from menisci, and in the latter they were almost wholly empty, though 
in a few appeared to be traces of albumin. Possibly here the secretion 
of albumin was beginning, while in the case of July 31st, the main 
portion of the substance may already have been excreted; this however 

is doubtful. 
3 With the dog also as the following will shew, the results obtained 
upon injection of egg-albumin were not of a wholly definite nature. 


July 10th. Large well fed male of about 14 kilos: 20 c.c. chloral hydrate 
injected: glass cannula in right ureter; 4¢.c. curare; manometer tube in 
left carotid. 


Carotid pressure | 
Time. in mm. Hg. Remarks, 
10.30 10.30, Axis trepanned and spinal cord severed, 
some 25 c.c. blood being lost. 

45 155 10.35. Blood pressure 210 m.m. Hg. 

11.0 > 11.0. Powerful peristaltic contractions of ureter 
continuing through course of experiment. 

15 45 | 11.15. Urinary secretion stopped. 

30 45 11.19—25. 40cc. 3°/, egg albumin solution 
injected into v. jugularis externa. Pulse 
rapid and regular, 

39 i 

11.52. 20c.¢, 3°/, egg albumin injected. 

1 | 

30 30 

45 29 

get 1.8.  20c.c. 3°/, egg albumin injected. 

30 32 1.37. Animal killed, kidneys extirpated, cut up, 
placed in boiling water, part 2 minutes, 
part 1 minute, other portions placed in 
concentrated picric acid. 


The menisci in the sections (in glycerine gelatine) were few and far 
between, but those that were found were noticeable for their large size. 
In these menisci large clear drops of fat were to be observed, thus 
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confirming the observations of Wiener’ and others, that fat, in this 
form of large drops, passes out through the. glomeruli. | 
Here, then, there were definite menisci present, but in very small 
numbers. Have these resulted from the injected albumin, or may 
they have had another origin? Before attempting to answer this 
question it will be necessary to mention control experiments made with 
reference to this point, namely, as to the origin of the menisci. 
Notwithstanding the decisive results obtained by other observers it 
seemed possible that some at least of the appearances produced in their 
experiments, and in ours, might have been due not solely to the actual 
albuminuria, or haemoglobinuria, but in part to the placing of the 
kidneys in boiling water. The sudden plunging of the pieces of 
kidney into hot water causes a strong contraction of the tissues, and 


from this and other causes, it might be that the coagulated albumin 


and haemoglobin forming the menisci, originated from a transfusion from 
the glomerular vessels into the capsule chambers due to the subsequent 
treatment, and not so much from any previous excretory activity of the 
glomeruli. 

A second possibility rested upon the fact that sudden and great 


| changes in the blood supply of the kidneys cause albuminuria, Can 


such albuminuria manifest itself through the rapid alterations and final 
stoppage of the blood supply upon the death of the animal? Or, granting 
that there may be such albuminuria, can it be of so great an extent, that 
notwithstanding the swift extirpation of the kidneys after death, 
albumin has passed through the glomerular walls in sufficient quantities 
to permit the formation of good and well defined menisci? 

And lastly from similar workings, may it not be that the alterations 
in the circulation produced in the frog by ligature of the renal arteries, 
and, in the dog, by section of the cervical spinal cord, are alone sufficient 
to account for the menisci observable, without the injected substance 
having any but a subordinate effect ? 

The answer to these questions was sought in a series of control 
experiments instituted upon the frog, dog and rabbit. _ 

Kidneys of the normal frog, and of ligatured frogs, one hour, and 
twenty hours after ligature, were extirpated and treated in all respects 
similarly to those in the haemoglobinuria and albuminuria experiments. 
In no case could menisci be seen in the capsule chambers. Here and 
there might be noticed a slight granular debris, but this, so irregular 


1 Wiener. ‘“ Wesen und Schicksal der Fettembolie.” Habilitationsschrift, Breslau, 
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and so indistinct as in no way to be compared with menisci proper, with 
the clear colourless menisci of albuminuria or the browner ones of 
- haemoglobinuria; nor in general was this doubtful granulation in focus 
simultaneously with the glomerulus, hence it would seem to have 
originated otherwise. And by the surer method of imbedding in 
glycerine gelatine no menisci could be seen. 

In the frog then it may be assumed that when menisci are present 
they are not due to mere changes in the circulation, or again to the 
method of manipulation. 

-In the dog, the answer was not so decisive. The first control was on 
the effect of boiling upon the normal kidney. A small dog was taken, 
and bled to death from the carotids, the kidneys extirpated immediately 
after death, cut into small pieces, and these placed for a minute in 
boiling water, thence transferred to absolute alcohol. | 

Sections cut direct out of alcohol and mounted in glycerine gave no 
definite appearances, that is, were in favour of shewing the capsule 
chambers free from menisci, the faint granulation present in sundry of 
the capsule chambers being insufficient to declare that menisci were 
present. 

Careful examination, however, of sections out of slgeinins: gelatine 
mounted in glycerine, shewed that here and there, far apart, albuminuria 
menisci were to be seen. | 

This result led to an extended enumeration of the glomeruli, and 
it was discovered that out of nearly six hundred glomeruli examined 
about 2°7 per cent bore menisci. 

To what then are these menisci attributable ? Certainly I think, 
not to the methods of manipulation. In a large number of our 
haemoglobinuria experiments, where haemoglobinuria had been induced 

by injection of laky blood or of large quantities of water, the percentage 
of glomeruli with menisci varied between thirty and sixty. Here the 
percentage is under 3°0 per cent. As Posner points out, and as we 
ourselves have found, the menisci are obtainable by the employment of 
picric acid in the place of boiling water. 

Further, the kidneys of a rabbit treated in every respect similarly to 
those above mentioned of the normal dog, were wholly free from menisci, 
a prolonged examination of several sections evidencing their complete 
absence. 

To explain then these menisci in the kidney of the apparently 
normal dog we must assume either that in some of the glomeruli slight 
albuminuria phenomena have taken place through the disturbances in 
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the circulation at the death of the animal or that the animal was not 
quite sound, the kidneys being slightly pathological, or again the 
albuminuria appearances may be associated not necessarily with a 
diseased condition of the kidneys. 

The fact that in the normal kidneys of the frog and rabbit no 
menisci were observable, tends to render the first supposition im- 


probable. With reference to the other two it may be said that the dog 
- was active and to all appearances healthy, and the kidney, save for the 


rare menisci, thoroughly normal in appearance. 

Albumin has not unfrequently been noticed in the urine of dogs, to 
all intents and purposes perfectly sound, and it is, I think, quite 
possible that here we have a case where the passage of albumin has 
taken place in the healthy dog, a view not opposed by the scarcity of 
the menisci and the consequent indication of but minute quantities of 
albumin appearing in the urine. 

Two observations were made upon the effect of simply dividing the 
spinal cord and so causing a greatly diminished pressure of long 
continuance ; 


May 7th. Dog, small male, 4c.c, morphium, 5c.c, curare, in 
ureter, manometer in left carotid. 

11.20. Spinal cord severed through obturator membrane. 

11.37. Blood pressure 55mm. Hg. Urinary flow ceases. 

12.45. » 20 ,, Animal killed, kidneys treated as 
usual, 

No menisci to be seen in the capsulé chambers in sections cut direct out 
of alcohol and examined in glycerine. Later observations (of sections 
prepared in gelatine glyeerine) shewed in a few capsule chambers very faint, 
weak menisci; not to be compared with the ordinary haemoglobinuria menisci 
in either size or frequency, It is to be noticed that the pressure here sank 
very low—to 20 mm. 7 

June 20th. Dog, male, of about 11 kilos. Morphium, curare, etc., as 
usual, 

11.10. Spinal cord divided, the axis having been trepanned. 

11.28. Blood pressure=45 mm. Hg. Urine apparently stopped. 
11.45. 29 ,, 4 Urine, one drop in ten minutes, 
12.0. 28 .,, Urinary flow definitely stopped. 


24 , Dog killed, kidneys treated as usual. 


Sections both boiled and out of picric, in gelatine glycerine shewed menisci 
present, more distinct and frequent than in the former case, but still 
comparatively very rare. 
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From these two experiments it would seem that a secretion of albu- 
min to a slight extent in the glomeruli, is produced by the great lower- 
ing of the blood pressure through section of the cervical spinal cord. This 
would seem to be the most satisfactory explanation of the phenomena. 
It is well known that a lowered blood pressure causes an appearance of 
albumin in the urine subsequently, as for instance, when the renal 
artery is momentarily ligatured. Here it would appear that, with a 
pressure so low that the urinary flow is brought to a standstill, an 
excretion of albumin is set up. If this be the case it is impossible with 
our present knowledge to say whether the menisci observed in the 
kidneys of the dog where low pressure had been induced and egg 
albumin injected, were due to the albumin injected, or were purely the 
consequence of the lowered pressure apart from the injection. It may 
be mentioned before leaving the subject, that Miss Adams’ working 
under Cohnheim along almost the same lines as ours was unable to find 
any signs of egg albumin passing out through the glomeruli. 


XI. Conclusion. 


The following may be set forth as the chief results of the experi- 
ments given in the preceding pages. 

If Chrzonszezewsky’s carmine, or vermilion in a state of fine 
suspension be injected either at a considerable period, or immediately, 
after ligature of the renal arteries in the frog, the pigment is to be 
found not in all but in a great many of the glomeruli. Hence the 
arterial supply of the kidneys may be cut off, and nevertheless within 
but a few hours there is a certain amount of blood flow through the 
glomeruli, a collateral circulation being set up. This collateral cir- 
culation probably takes place through branches of the renal artery 
running direct to the capillary network round the tubules, 

Again, injection of laky blood into the vena abdominalis anterior of 
a ligatured frog causes in the course of a very few hours the presence, 
on boiling, of haemoglobinuria menisci in the capsule chambers of the 
glomeruli. These menisci are formed by haemoglobin, and as 
Afanassiew would consider, albumin also, which have passed through 
the capsule ensheathing the vascular knot, for haemoglobin is not found 
to be secreted through the cells of the tubuli; and they are so large 
that a considerable amount of blood must have passed through the 
capillaries of the glomeruli to allow of their formation. 


1 Loc. cit. 
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Further, although in general there is no urinary secretion after 
ligature of the renal arteries, this is not necessarily the case. With 
healthy and vigorous frogs, in which ligature had been accomplished 
with the least possible disturbance, it was found that the urinary flow 
at first stopped, began again, and gradually increasing reached what 
might almost be termed normal dimensions, in one instance as much as 
12-0 cc. urine being obtained in twenty-six hours. __ 

The phenomena are such as can fully be accounted for on the 
supposition that here there has been a gradually improving collateral 
circulation established in connection with the glomeruli; the better 
_ this circulation, the more the water passed out through the glomeruli. 

Accepting Roy’s’ observation that urea causes a short primary 
constriction of the kidney followed by an expansion of longer duration, 
alterations which occur without any change of blood pressure, the 
action of urea upon the ligatured frog’s kidney may be explained by 
considering that the channels of collateral circulation of the glomeruli 
are expanded, that therefore the urea-containing blood enters the 
glomeruli, and that the urea excites the glomerular epithelium to 
increased secretion of water. This excitatory action of a diuretic has 
been shewn in later experiments upon the dog. It is not necessary to 
- suppose that urea is secreted through the cells of the tubuli contorti 
and requires in this secretion a large accompanying watery secretion. 
We have been led therefore to consider that Nussbaum’s method 
is not applicable as a sure means of determining the path by which a 
substance passes out through the kidney. 

Notwithstanding that in the ligatured frog the blood pressure in the 
kidney is reduced to a very low quantity, being simply a venous 
pressure, we find that haemoglobin is passed out through the glomeruli. 
This would prove that, in the batrachian kidney at least, the glome- 
rular activity is dependent not so much upon the blood pressure as 
upon the renewal of the blood within the capillaries and the rate of 
flow. And as this passage of haemoglobin out of the glomeruli is to be 
noted in cases where there was no apparent accompanying passage of — 
water, it would seem that the glomerular epithelium has properties of 
a definite secretory nature; for the phenomena do not admit being | 
explained by a filtration hypothesis. 

This opinion is confirmed by the results of various experiments 
upon the dog. 


When in the dog, by section of the spinal cord in the cervical 
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region the blood pressure had been lowered below 40 mm. Hg., and the 
urinary flow brought to a standstill, injection of laky blood was 
succeeded by the appearance of haemoglobin in the capsule 
chambers of the glomeruli although there was no visible con- 
temporaneous excretion of water. 

Hence here too the glomerular epithelium must be looked 
upon as possessing powers of a selective secretory nature. 

A comparison of the amount of haemoglobin in equal quantities of 
urine and blood serum in dogs in which haemoglobinuria had been induced, 
shewed that there could be more than three times as much haemoglobin 
in the former as in the latter, while lymph contained but from a half — 
to a fourth of that present in the serum. Accepting Afanassiew’s 
observations that the dissolved haemoglobin passes through the glome- 
ruli while only degeneration products are secreted through the cells of 
the tubuli contorti, we have here phenomena which, putting aside the 
reabsorption theory as disproved, cannot possibly be accounted for by 
simple filtration. That is, as regards the urine. 

By the action of the diuretic, sodium nitrate, when injected into a 
‘haemoglobinuria’ dog, we have been able to shew the passage of 
water through the glomeruli, and that in greater quantities than 
normal ; for, extirpating one kidney before injection of the diuretic at a. 
time when the haemoglobinuria was well pronounced, and removing the 
other kidney when the diuretic was exerting full action, it was found 
by careful enumeration in sections from the two kidneys that the 
number and size of the menisci in the capsule chambers of the 
glomeruli was greater before than after injection of the diuretic. The 
more watery secretion after this injection, had washed out the previous 
denser secretion. This points to a direct action of the diuretic 
upon the glomerular epithelium. As Roy’ has shewn, sodium 
nitrate exerts its diuretic effect without necessarily causing any increase 
of blood pressure. 

Calculation of the amount of urine secreted in a given time before 
and after injection, and of the proportion of the absolute amounts of 
haemoglobin similarly secreted, shewed that the secretion of both 
haemoglobin and water is increased by the diuretic, the former however 
to. a less extent than the latter. 

This action of one of the diuretic substances may very probably 
explain that of the rest, of urea and urea nitrate for example; and may 
lead us, as before mentioned, to understand the phenomena noticed in 
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the ligatured frog upon injection of urea. As to the appearances there 
observed, it may further be remarked that urea causes a flow of urine 
where previously there had been none, and this flow once set up 
continues. The continued secretion may be due to the setting up of a 
better collateral circulation, due to the previous influence of the urea 
upon the glomeruli. 

We have found it difficult to obtain good results with the injection 
of egg albumin in either frog or dog. Certainly the substance is 
excreted through the kidney, and we have obtained some little evidence 
to shew that this excretion is through the glomeruli. But our results 
in this direction are far from being as conclusive as they have been in 
the haemoglobinuria experiments. 

Control researches in the dog have shewn that albumin menisci 
may be present in the boiled kidney of the apparently perfectly normal 
dog. This appearance has been found not to be due to the manipula- 
tion. A clue to these phenomena may be obtainable in the fact that 
albumin has been not unfrequently observed in the otherwise normal | 
urine of healthy dogs. If this be the case, we have here the means 
of shewing that the secretion of albumin out of the blood by the 
glomerular epithelium-may occur in normal conditions. 

Lastly, experiments upon the effect of injection of physostigmin 
conia and methylanilin would seem to shew that these bodies resemble 
curare in causing a decrease in the urinary flow with, at the same time, 
an increase in the lymph. The action however is not so marked as with 
curare. Muscarin probably diminishes both lymph and urinary flow. 
The meaning of the diminished renal activity must be left for further 
investigation. Roy’s oncometric method would shew whether here we 
are dealing with a lessened blood supply and constriction of the vessels 
of the kidney. Nor would I wish to draw any conclusions from the 
alterations in the lymph flow. In the first place the data cannot be 
considered sufficiently complete, and again such are scarcely to be 
demanded in a paper dealing essentially with the activity of the 
glomeruli of the kidney. 

My heartiest thanks are due to Peitienoe Heidenhain for the 
constant interest he has taken in the course of these experiments, and 
for his ever-willing guidance and help. To Professor Foster and 
Mr Langley I am indebted for much kindly advice; nor can I neglect 
to express my thanks to the Master and Fellows of Christ’s College for — 


their grant of a Bachelor (travelling) Scholarship whereby the progress 
of this work has been materially aided. 
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PLETHYSMOGRAPHIC AND VASO-MOTOR EXPERI- 
MENTS WITH FROGS. By FRED W. ELLIS, M.D. 
Pl. X. anp XI. 


THE plethysmograph, perfected by Mosso, Roy and others has become 
an extremely valuable instrument of research. Its application to the 
study of the vaso-motor nerves by Bowditch and Warren’ has given 
- interesting and valuable results. At the suggestion of Prof. Bowditch 
the writer commenced the experiments, the results of which are recorded 
in this paper, in order to ascertain if the vaso-motor phenomena that 
had been observed by Bowditch and Warren in their experiments with 
cats could be obtained with frogs. The observations made by these in- 
vestigators are that slow, rhythmical, electrical stimulation of the peri- 
pheral end of the cut sciatic nerve of the curarised cat causes an 
immediate dilatation of the vessels of the leg, evidenced by a rise in the 
plethysmographic tracing; while shocks of a certain greater degree of 
frequency cause an immediate contraction. 

The advantages that an animal which can be obtained so readily as 
the frog and can be kept alive for a long time under curare without 
artificial respiration, offer for experiments of this kind, are very 
obvious. | 

The problem was to construct an apparatus sufficiently delicate to 
record the minute changes of volume that result from the vascular 
changes in the leg of an animal of such small size. 


i Methods and Apparatus employed. 
All of the frogs in these experiments were curarised.. A few minims 


of a 4°/, solution of curare were injected hypodermatically, and the 
injections were repeated at sufficient intervals until there was complete 


1 Centralblatt fiir die Med. Wissenschaften, No, 29. 1883. 
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paralysis of voluntary motion. Care had to be taken that the circulation 
of the animal was not enfeebled by an overdose of the drug. 

The sciatic nerve was laid bare and cut in the upper part of the 
thigh, The peripheral end of the cut nerve was placed upon an electrode 
constructed as follows. 
| A piece of hard rubber 6 to 8 mm. in width and several centimetres 

in length had two parallel grooves cut upon one of its surfaces. Two 
platinum wires were cemented into these grooves. The rubber was then 
softened and one end of it turned over to form a trough to contain and 
insulate the nerve, At the other end of the electrode small brass sockets 
were soldered to the ends of the platinum wires; into these the pins of 
the wires connecting the electrode with the induction coil were inserted. 

The stimulus ordinarily employed was the induced current from a 
du Bois Reymond’s sliding induction apparatus, the graduation of 
which extended up to 1000. The intensity of the stimulus was estimated 
by the position of the secondary coil. A Grove or bichromate of potash 
cell furnished the electricity. : 

The most rapid interruptions of the primary current were obtained 
with the ordinary vibrating hammer of the induction apparatus. The 
rapid series of induction shocks obtained in this way we shall designate 
as the tetanic stimulus. 

The slow interruptions were made in a variety of ways, but the 
_ greater number by means of a new apparatus manufactured by Baltzar 
of Leipzic, by which any number of shocks from one in thirty seconds to 
thirty per second can be given. The principle of this interrupter is the 
same as that of the apparatus described by Bohr’, but many details of 

construction have been modified in it. 
' ‘The first series of observations were made with the microscope. The 
web of the curarised frog was spread out beneath the objective, and the — 
size of the vessels measured by a micrometer eye-piece. The effect of 
the stimulation of the cut nerve was noted upon an artery of medium 
calibre. The duration of the stimulus was regulated by means of a 
metronome. This method of observation was fatiguing and was confined 
to a limited vascular district. The changes in the size:of the vessel were 
noted by observing the number of micrometer divisions occupied by the 
vessel after equal intervals of time. The results were recorded upon 
paper ruled in squares: each horizontal division corresponded to a unit 
of time, and-each vertical to a‘division of the micrometer. 


> 


1 Arch. f. Anat. u. Phys., phys, Abth., 1882. p. 238. 
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The greater number of experiments were performed with a plethys- 
mographic apparatus, of which: several modifications were employed. 
The apparatus is simple in principle and construction (see Figure 1). 
The leg of the frog is placed in a test-tube, the bottom of which has been 
drawn out into a smaller tube which is connected by caoutchouc tubing 
with a small glass T tube. One of the remaining branches of the T tube 
is connected with a very small and delicate Marey’s drum, and the 
other branch with a small glass stop-cock, by which the pressure within 
the apparatus can be regulated. 

The drums used are exceedingly delicate; they are constructed as 
follows. 
A circular piece of brass 1} c.m. in diameter and 3 to 5 mm. thick 


Diagram to illustente the construction of the plethysmographic apparatus 


for the frog’s leg. ee 
from above. 


The figure is drawn } natural size. 
L. Test-tube for leg. H. Paper support to the recording 
R. Rubber connecting tubes. lever. 
T. Glass tube with three branches. P. Bent pin. 
S. Stopeock. Y. Counterpoise on pin. 
G. Brass tube leading to drum. #. Tube through which pin passes. 
C. Cork with two parallel holes. F, Rod to which Z is cemented. 
D. Drum closed at the top with a <A. Part of lever. 3 
thin membrane. K. Bit of cork attached to A and 
_ stuck upon the pin. 


is slightly grooved upon its sta and its upper surface hollowed to a 
depth of 1 or 2mm. A small hole is drilled through the centre of the 
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piece. A brass tube 5 mm. in diameter, with a small lateral opening 
near a closed end, is soldered to the under surface of the disc, the lateral 
opening in the tube being brought in coincidence with the central hole 
in the disc. | 

An extremely thin rubber membrane is tied to the disc with a waxed 
thread ; care being taken that the membrane is not too tightly stretched, 
and that the space below the membrane is air-tight. A strip of writing 
paper 5 mm. wide is folded into a V shape; the paper is again folded 
upon the sides of the V and cut, leaving two small lateral projections, at 


right angles to these sides. These lateral wings are cemented with | 


mucilage to the membrane, leaving the V, which should be slightly 
notched with scissors at the apex, to act as a support to the recording 
lever. (See Fig. 1.) | 

_ The lever should be very light ; those used in these experiments were 
constructed of broom-corn to which a tinsel.marker had been attached 
with a bit of sealing-wax. To mount this lever a long slender pin is 
bent twice at right angles (see Fig. 1). Before being bent, the middle 
division of the pin is placed in its bearings, which may be a bit of small 
glass tubing with a calibre that will just admit the pin. This piece of 
tubing may then be cemented at right angles to the end of a glass rod 
or tube. The brass tube of the drum and the rod to which the lever is 
attached can be thrust through parallel holes in a piece of cork. By 
pushing the cork backwards and forwards the length of the short arm of 
the lever can be increased or diminished as desired. This apparatus is 
then fastened in a clamp capable of being raised or lowered, or of being 
approximated to or withdrawn from the recording surface by a delicate 


adjustment. A globule of sealing-wax, a bent pin or a piece of lead. 


may be fastened to the lever pin to act as a counterpoise. 

The greater number of our experiments were made with the 
apparatus described above, which gave very excellent tracings. For 
convenience in mounting and adjusting several drums one above another, 
the mechanic of the laboratory under the supervision of Prof. Bowditch 
constructed an improved apparatus (Fig. 2). A piece of brass several 
millimetres thick and 3 or 4 centimetres in width has one of its ends 
bent at right angles. To the other end of the piece is screwed a thicker 
piece of brass, forming another projection at right angles. These pro- 
jections are perforated to admit the vertical bar of a support, and the 
upper one has a binding-screw to clamp the apparatus at any height. 


A number of straight springs are attached to the posterior surface of the — 


brass strip. To these springs short pieces of bfass tubing are soldered. 
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Fig. 2. 

Five drums mounted upon a stand. Half natural size. 

P. Fiat piece of brass one end of which is bent at right angles. 

B. Binding screw for clamping the apparatus at any height. 

S. Ends of springs on the posterior surface of the brass strip. The tubes 
leading to the drums are inserted into brass sheaths attached to these springs. 

0. Thumb-screws pressing upon the free ends of the springs, by which 
the drums can be moved in a horizontal plane. 

M. Brass sheaths sliding upon the drum tubes. 

W. Lead wires attached to ¥. 
Brass bearings through which pass the bent pins. 
Cork attached to levers, 
Broom-corn levers, 
Tinsel markers, 


SNAP 


Fig. 25. Full size. 
Arrangement for holding drum tube. 
Drum tube. 
Sheath for tube, 
Screw moving spring. 
Screw for attaching one end of spring to brass strip P, 
Spring. 
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The drum tubes slide in these pieces of tubing. Brass thumb-screws 
work against the free ends of these springs; in this way the drums are 
adjusted to the recording surface. Small pieces of brass tubing to which 
pieces of lead wire are fastened slide over the drum tubes. To the further 
ends of the lead wire the bearings of the bent pins are attached. These 
bearings are formed of small strips of thin brass, the ends of which are 
bent at right angles. The bent surfaces, which face each other, are 
perforated with a fine hole which will just admit the middle division of 
the bent pin. The lead wire can be bent in any direction; in this way 
the pin can be adjusted to its paper support with the utmost nicety. 
The brass tubes (M Fig. 2) by sliding backwards and forwards facilitate 
this adjustment. The drum tubes can be moved in their sheaths attached 
to the springs so that the marking points of all the levers write in the 
same vertical line. 

The tracings were written upon a cylinder covered with smoked 
paper, and revolving at the rate of once in an hour. 


A description of other apparatus employed in these investigations 
will be given further on. 


Application and Testing of Apparatus. 


When the leg of the frog is placed in the tube L (fig. 1) the stop-cock 
Sis opened to prevent the forcing of air into the drum. The size of the 
tube should be adapted to that of the leg of the frog. The best results are, 
of course, obtained with the largest frogs. The tube should be of such 
size that the expansion of the thigh above the knee can serve as an air- 
tight stopper to the tube. It is sometimes of advantage to constrict the 
tube a little just below its flaring end and to bend the upper portion 
slightly to one side in the blow-pipe flame, in order to better adapt it to 
the hollow of the knee-joint. The closure of the tube must be air-tight, 
but great care must be taken that the vessels of the leg are not 
constricted. To test the tightness of the whole apparatus after the 
insertion of the leg, the stop-cock S is closed and ‘the rubber tube 
connecting it with the 7 tube is compressed with a clamp. The 
recording lever marks a rise upon the smoked paper of the revolving 
cylinder. The tracings should then be horizontal; if the apparatus 
leaks, the tracing will descend. To test the tightness of the stop-cock, 
the clamp is removed from its first position and applied to the tube 
connecting Z’and 7. To test the drum alone, the tube connecting 7’ 
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and: @-in-tighlly closed near 7’, and a second clamp is then applied 
between the first clamp and G. 

After the application of the apparatus time must be allowed for the 
circulation in the leg to adapt itself to its new conditions. It must also 
be borne in mind that the apparatus is very sensitive to changes of 
temperature ; a slight change in the temperature of the air in the tube 
will cause a rise or fall in the tracing. A steady continuous rise in the 
tracing immediately after the application of the tube to the leg may be 
caused by venous obstruction, dilatation of, or removal of constriction 
from, arterial vessels, or heating the air in the tube. A fall in the 
tracing may be due to the converse of these conditions. To bring the 
point of the lever back to its original position, after any change in the 
level of the tracing, it is only necessary to open the stop-cock for a 
moment. 

The frog and leg-tube, 7 tube and stop-cock, should be placed 
upon solid supports so that there may be freedom from jar, or any 
movement of the rubber tubes. 

Very great advantage is derived from having an apparatus for each 
leg, and recording the tracings simultaneously, one above the other. In 
this way the accidental and local changes in the circulation of the legs — 
- can be immediatly recognized and differentiated from those due to 
central or general disturbance. 

It has already been stated that the apparatus is y exceedingly sensitive | 
to slight changes of temperature in its vicinity. It forms a very delicate 
thermograph. The delicacy of the apparatus in this respect is of 
disadvantage in its application for plethysmographic purposes. With 
proper care it is possible to fill the leg tube with water of the same 
temperature as the room, care being taken to keep the rubber connect- 
ing tube above the leg tube. This however is not necessary, if due 
precautions are taken not to confound changes in the level of the tracings 
due to fluctuations of temperature, with changes due to varying amount 
of blood in the legs. 

After a long series of experiments, it was found advisable to have a 
third apparatus exactly like that applied to the legs, for recording 
changes of temperature in the surrounding air. The leg-tube in this 
instance is closed with a simple rubber stopper. It was found that this 
arrangement is sufficient to record any slight change of temperature in 
the vicinity of the apparatus. A slight current of air, or the heat of the 
hand brought near the tubes is sufficient to cause‘a marked rise in the 
tracings ; (see Plate X. No. 1). These temperature variations in the 
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tracings were of quite constant occurrence, even when the temperature 
of the room seemed constant. These variations are so rapid that they 
can easily be confounded with those due to spontaneous changes in the 


circulation, or those due to irritation. By the use of the — ' 


recorder these errors are avoided. 
_ The drums should be thoroughly tested before using. The mem- 
brane should be perfectly air-tight, even under considerable pressure. 
It should not be too tightly stretched and it should have sufficient 
excavation beneath it to allow it sufficient retraction in consequence of 
diminution in the size of the leg. 

To obviate any danger of leaking, and to make manifest extremely 
slight changes of volume, I have made use of a contrivance which is 
capable of being applied for many similar purposes. I substitute for 
the drum a glass tube with a fine bore, into which a very small quantity 


of liquid has been sucked. The tube is clamped in a perfectly horizontal 


position. The globule of liquid acts as a liquid piston, and its excursions 
accurately correspond to the changes in volume in the apparatus. By 
employing a tube of very fine calibre, like a thermometer tube, and a 
liquid of great mobility like ether or alcohol, the changes in volume can 
be magnified to almost any desired extent. By applying such an 
apparatus to the leg of a large frog I obtained an excursion of the liquid 
piston, corresponding to the pulse-waves in the leg, of nearly two 
inches. The obstacle to the general use of this method lies in the 


inconvenience of recording the movements of the liquid. This might be . 


done by photography, by employing well-known methods. 

The Marey’s drum though much inferior in delicacy to the capillary 
apparatus, was found to be the most convenient for use, and was 
generally employed in these researches. It was found sufficiently 
delicate to register very slight changes in volume. The So 
were very clearly recorded. 


Spontaneous changes in the tracings. 


By spontaneous changes we mean changes which are not due to 
external irritation. The greater part of the spontaneous changes in the 
tracings are probably due to fluctuations of temperature in the vicinity 
of the apparatus, This is proved by the temperature recorder which 
registers a rise and fall in its tracing of the same character as those 
occurring simultaneously in the leg tracings. The greater number of 


our experiments were performed without any temperature recorder, 
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before the extreme susceptibility of our apparatus to changes of tempera- 
ture had been discovered. For this reason no definite conclusions can 
be drawn from these tracings regarding spontaneous vascular changes. 
A future series of experiments will be necessary before definite state- 
ments can be made regarding this point. 

It has been clearly proved that a change in the: height of the tracing 
may be due to variation in the action of the heart. This point will be 
alluded to again in speaking of the effects of cutaneous irritation. 


Spontaneous vascular changes studied with the microscope. 


It is well known that blood-vessels undergo spontaneous rhythmical 
changes in their calibre. These spontaneous changes can be well seen in 
the web of the frog’s foot under the microscope. Cutting the sciatic 
nerve of the frog does not prevent these rhythmical changes, (See fig. 4 
p. 450, upper record.) These spontaneous contractions-and dilatations 
probably occur independently in different vessels, and even in parts of 
the same vessel ; resembling in this respect the peristaltic action of the 
stomach and intestines. The local independence of these changes, and 
the fact that they occur after division of the sciatic lead to the conclu- 
sion that they owe their origin to the action of peripheral centres, 
unless we be disposed to admit automatic contractility as a property 


of smooth muscle. 


The Effect of Cutaneous Stimulation upon the Circulation of the Leg. 


The effect upon the plethysmographic tracing of “the leg of 
stimulating different parts of the cutaneous surface of the animal, I have 
noticed in a large number of instances. It was found in many instances, 
that irritating the skin with electricity, or mechanically, produced a 
temporary reflex inhibition of the heart, which was accompanied by a 
fall in the tracing. 

In order to study the effects of this kind of stimulation upon the 
heart, it was found necessary to construct a plethysmograph for the heart 
of the frog, in situ. The first apparatus which I constructed is shown in 
figure 3A. It consists of a hard-wood board with a hole in its centre. 
Into this hole there is fitted, with an air-tight joint, a short piece of 
glass tubing. 

In order to use the apparatus, the heart of the frog i is exposed, by 


_ removing a small portion of the thorax ; the pericardium is then divided, 
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and the heart made to project through the opening in the thorax. The 
portion of the board around the glass tube is smeared with oil. The frog 


Fig. 3. 


Plethysmographic apparatus for frog’s heart in situ, 4 natural size. 

A. Board apparatus for frog in the ventral position. 

B. Second form of apparatus for frog in the dorsal position. The glass 
tube, with a rubber ledge at one end, and closed with a perforated rubber 
stopper at the other, is held in a clamp C. This is substituted for the leg 
tube in the apparatus shown in fig. 1. 

k. Portion of rubber connecting tube. 


is then laid upon the board in such a way that the heart projects freely 
into the tube. The lower end of the tube is then closed with a 
perforated rubber stopper, and connected with a recording drum by an 
arrangement of tubing similar to that used in connection with the leg 
plethysmograph. The board is placed in a clamp, by — it may be 
raised to any level. 

With this simple apparatus very beautiful ual of the heart’s 
action can be taken. The chief inconvenience in the use of the 
apparatus arises from the dripping of serum into the tube, which some- 
times occurs. To prevent this serum getting into the tube leading to 
‘the drum, it is necessary to push the tube passing through the rubber — 
stopper, above the level of the stopper. As the heart is dragged 
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somewhat out of its natural position, its action is modified to some 
extent in consequence. For these reasons another apparatus was devised 
which is shewn in the upper part of fig. 3. It consists of a glass tube, 
like the one attached to the board apparatus, with a hard rubber flange 
cemented to one:end ; the other end is closed with a perforated rubber 
stopper, attached to tubes leading to the recording apparatus. The 
apparatus is held in a clamp capable of being moved in any direction- 
The frog, with its heart exposed in the manner described, is placed upon 
its back. The rubber flange of the instrument is covered with oil, and 
it is then pressed upon the thorax, with its aperture covering the apex 
of the heart, and held firmly in this position by the clamp. During the 
application of either form of apparatus, the stopcock S (Fig. 1) is opened. 
After the apparatus is applied, the’ sgl 8g is closed and the — 
tested for leaks. 

The records obtained by these ‘instruments -can be magnified to 
almost any desired extent. If it was desirable, the capillary apparatus, 
described in connection with the leg apparatus, could be employed in 
place of the drum, and the record made by the aid of photography. 

These forms of heart apparatus recall some of the features of Schiifer’s 
instrument’ but they do away with the great amount of friction which 
arises in an apparatus filled with oil, and the apparatus is much simpler. 
The heart acts unrestrainedly, and the tracing shows accurately the 
resultant of all its movements. Tracings 2 and 3, Plate X., of the heart 
_ were recorded upon a rapidly moving cylinder and were obtained with | 
the second form of heart apparatus. Like all the other tracings in these 
plates, they are to be read from right to left. 

When used in connection with the leg plethysmograph the records 
were taken upon a cylinder revolving once an hour. The heart tracing, 
read in cennection with those of the legs is very instructive. 
Spontaneous inhibition of the heart for a short space of time sometimes 
occurs during an experiment. No. 4, Plate X.»shows an occurrence of 
this kind. In consequence of the inhibition in this instance, there was a 
slight fall in the leg tracing which was taken at the same time, but is 
not reproduced in the plate. During the inhibition, the heart becomes 
enormously swollen with blood as is shewn by the great rise in the lever. 
Afterwards the heart beats more vigorously for a time. Similar 
inhibition and identical records were obtained in the same frog by 
irritating different so i of the skin. These results were eames by 
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scratching the abdomen, pinching the foot, scratching the throat, and 
stroking the skin between the thighs. The application of weak electrical 
currents to the arm, throat, abdomen, end of nose and pubes, produced 
the same phenomena. 

A curious result was obtained by striking the abdomen rapidly for a 
short time. The force of the heart-beats became immediately much 
diminished, not more than one half as much blood being thrown out at 
each contraction. This condition persisted for some time after the 
striking ceased. 

A marked fall in the tracings of both legs could be obtained by 
inhibiting the heart for several seconds. The inhibition was very easily 

produced by applying the electricity to the throat, in the region of the 
pheumogastric. Many experiments of this kind demonstrated the 
accuracy with which changes in - general blood-pressure were recorded 
by the leg apparatus. 

Nos. 5 and 6, Plate X., are very instructive in this connection. They 
were obtained from a frog that was nearly dead, and in which the action 
of the heart was intermittent and variable. No. 5 is a heart tracing 
upon the slowly moving cylinder. The heart beats slowly for a time, 
then more rapidly, then slowly again ; and so on. When it beat slowly 
it had more time to fill, and more blood was forced out at each 
contraction. When its activity was increased, less blood was driven 
from the organ at each beat, but a greater amount in a given time, so 
the leg tracing, which is omitted in the plate, shows a rise at this 

time. 

No. 6 shows tracings of heart and both legs taken a few minutes 
later from the same animal, After long intervals of rest, the ventricle 
beats one or more times and then becomes quiescent. Each period of 
ventricular activity is accompanied by a very considerable rise in both 
leg tracings. No more ventricular contractions were recorded after the 
last one shown in the figure, although the auricle continued to beat. 

Sufficient evidence was not obtained in these experiments to show 
that stimulation of the skin produces a reflex contraction or dilatation 
of the vessels of the leg. A future series of experiments will be required 
before definite statements can be made in this connection. 


Effects of Irritation of the peripheral end of the cut Sciatic Nerve. 


__ ~ The operation of laying bare: the sciatic nerve in the curarised frog 
is always accompanied with a great deal of vaso-motor irritation. The 
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isolation of the nerve and exposure of the femoral artery to the air 
generally produces great contraction of the artery, and, consequently, 
interference with the circulation in the leg. Immediately after the 
operation, the circulation in the web under the microscope will gene- 
rally be found wholly suspended. The immediate proximity of the 
sciatic nerve to the femoral artery in this animal is the principal 
disturbing cause in these investigations. Considerable time must be 
allowed for recovery from the irritating effects of the operation before 
satisfactory tracings can be taken. 

After the femoral artery has dilated again and the circulation has 
been re-established in the leg, the effect of cutting the sciatic can be 
_ studied. I have noted a fall in.the tracing as the immediate result of 
cutting the uninjured sciatic, and, in several instances, in observations 
with the microscope, I have seen great contraction of the vessels of the 
web and cessation of the circulation as the results of the same 
operation. 

In some instances it appeared as if the manipulation of the 
peripheral portion of the cut nerve necessary for placing it upon the 
electrode was followed by a dilatation of the vessels of the leg. The 
nerve was placed on the electrode with a blunt hook, and care was 
always taken to disturb it as little as possible. The effects of severer 
_ forms of mechanical injury were not investigated. | 


Electrical Stimulation. 


_ The effects of electrical stimulation of the peripheral end of the cut 
nerve vary with the character of the stimulus, and in different frogs. A 
rapid series of induction shocks of moderate intensity almost invariably 
produces contraction of the vessels and a fall in the tracing. This 
contraction of vessels is easily observed in the web of the frog’s foot 
under the microscope. It is possible to cause a complete temporary 
cessation of the circulation in the web in this way. Sometimes, when 
the circulation in the web had nearly or quite ceased from other causes, 
I have noticed that this kind of irritation produced a temporary 
movement of the blood, due to its being pressed forward by the contract- 
ing vessels, 

The promptness with which the contraction. begins, after the 
irritation is applied, and the extent of the contraction, depend, other 
conditions being the same, upon the intensity of the stimulus, When 
the intensity is sufficiently great the beginning of the contraction is 
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almost simultaneous with the application of the stimulus. This is 
well shown in Nos, 7 and 8, Plate X., which reproduce tracings of both 
legs of a frog, whose left sciatic had been cut one day. The tracing 
above the line recording the act of stimulation is that of the sound leg ; 
the one below is that of the leg which had been operated upon. Induction 
shocks were given 15 times in a second, and the duration of the irritation 
was 15 seconds in each case. The intensity of the current was twice as 
great in the second case as in the first. Corresponding to the more 
intense stimulus in this instance, we have a much greater contraction 
than in the previous one. Coincidently with the contraction in No. 8, 
we have a rise in the tracing of the other leg, which may have been 
due to the forcing of blood into the limb from the contraction of the 
vessels of the former; or it may have had another cause. 

It is also possible, many times, to produce immediate dilatation in 
the vessels of the leg, by a properly regulated stimulus applied to the 
cut nerve; and this effect I have noted under the microscope. The 


T 


Fig. 4. 

Record of the changes in the calibre of an artery in the web of a frog’s 
foot, seen under the microscope. Each horizontal division corresponds to 15 
seconds, and each vertical to a division of the micrometer eye-piece. The 
middle horizontal line forms the abscissa for the upper record, which shows 
spontaneous changes in the size of the vessel. The lower record shows the 
effect upon the same vessel of irritating the peripheral end of the cut sciatic 
with an induction shock once every second. The black squares show when 
the irritation was applied. The duration of the irritation is 15 seconds in 
each instance. The records are to be read from left to right. 


upper record in fig. 4 represents spontaneous changes in the calibre © 
of an artery of the frog’s web: the sciatic nerve of that side had 
been cut one day. The lower record shows the effect of slow, rhythmical 


a 
| 
q 
“a 
4 
4 
a 
3 
i 
ik 
a 


PLETHYSMOGRAPHIC EXPERIMENTS. 431 


stimulation upon the same artery. Three days later I obtained plethys- 
mographic tracings from the same frog 1 in which the dilatations were 
well-marked. 

No. 9, Plate X., shows the very extensive dilatation that resulted from 
irritating the cut nerve once every second. It is a tracing obtained from 
_ the same frog from which the tracings represented in Nos. 7 and 8, were 
taken. The right leg shows no change in consequence of the irritation. 
The tracing was taken the day previous to 7 and 8. The frog had been 
curarised and its left sciatic cut a few hours previous to performing the 
experiment. The duration of the stimulus, and its relative intensity as 
recorded upon the induction apparatus was the same as at the time 
when the tracing represented in No. 8, was obtained. : 

The dilatation does not generally begin so promptly after the 
application of the slow, rhythmical stimulus, as the contraction that 
results from the irritation with the rapidly interrupted current. A 
comparison of Nos. 8 and 9 in this connection is instructive. 

No. 10, A, B, C, Plate X., reproduces a whole tracing of an hour's 
duration, and shows well the opposite effects of slowly and rapidly 
interrupted currents. Many spontaneous changes occur in the tracing, 
which were very likely owing to fluctuations of temperature in the 
vicinity of the apparatus. ‘These cannot be confounded with the more 
marked curves which are due to the irritation. The sciatic nerve had 
been cut one day. The following table gives the relative intensity 
and duration of the stimuli, and the number of shocks per second. 


Relative Number In 
a 500 30” 
b 500 20” l 
c 150 20” 15 
d 300 15” 15 
e 600 25” 1 
f 150 45” 1 
g 500 20” 1 


The rapid series of induction shocks produced unmistakable contrac- 
tion, while the slow series of shocks produced dilatation in every 
instance save one, in which. the intensity was too feeble to have any 
effect. The intensity at c and f was the same, but the duration was 
three times longer at f than at c. Notwithstanding this fact, we have a 
marked contraction in the first instance, and no effect in the second. 
At d the intensity was twice as great as at c, and the resulting 
contraction is nearly twice as great. At g the fall and rapid recovery 
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in the ascending tracing were due to spontaneous inhibition of the mene 
for a few moments. — 

Different frogs vary eatie-4 in their susceptibility to the different 
forms of electrical irritation: each animal is a law unto itself in this 
respect. By employing rapidly interrupted currents of sufficient intensity, 
it is almost always possible to obtain contraction with recently cut nerves. 
It is, by no means, so easy to produce dilatation with the slowly 
interrupted stimulus. In quite a number of frogs we were not 
successful in producing dilatation with any form of irritation. It is 
generally easier to produce contraction than dilatation; sometimes, 
however, especially after the nerve has been cut for several days, there 
exists a greater tendency to dilatation; and it is only by employing 
relatively intense rapidly interrupted currents that contraction can be 
produced. 

Although it is quite possible, in many instances, to construct a table 
for the individual frog, showing the varying effects of different 
intensities, rates and durations of stimulation, it would not be easy to 
construct for different frogs a comparative table of much value. The 
impossibility of retaining the conditions of experimentation the same 
during a long series of observations on different frogs is a serious obstacle 
in the way of always producing similar results. However, a few positive 
and unequivocal results are always of much greater value than any 
number of negative ones. 

In studying the varying effects of electrical stimulation upon the 
blood-vessels, several factors must be considered. 

1. The intensity of the induction shocks. The greater the 
intensity of the shocks, other conditions remaining the same, the greater 
the tendency to immediate contraction on the part of the blood-vessels, 
The converse of this is in a measure true, namely; the weaker the 
stimulus, the greater the tendency to immediate dilatation. 

2. The number of induction shocks per second. The greater 
the number of shocks per second, the greater the liability to cantare; 
and conversely. 

8. Duration of the stimulation. The longer a series of weak 
shocks rapidly following one another i 1s applied, the more likely is it to 
cause contraction. 

In treating of these factors, we speak of their tendency to produce 
certain effects, These factors are always found associated together, and 
it becomes a very difficult matter to predict beforehand, what the 
resultant of their simultaneous action will be. Then again, the 
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individual peculiarities of different frogs, and the varying ‘conditions to 
which they are subjected, add other perplexing elements to the problem, 
The degree of curarisation to which the animal is subjected, and the 
different specimens of curare used, have very likely an influence upon 
the result of the experiment. It was found best to give the curare in 


small quantities and after long intervals, as the frog absorbs the arty 


subcutaneously very slowly. 

The conflicting effects of the different factors are often expressed in 
the tracings. We may sometimes get contraction and dilatation 
combined as the effect of the stimulation of the cut nerve. After the 
decided contraction which follows tetanic irritation of the nerve, we often 
get some subsequent dilatation, which may. be due to exhaustion of the 
muscle after its tetanic contraction. But we frequently obtain effects 
which cannot be thus explained; these effects are more. often the results 


_ of slow irritation. Following a slight initial contraction a much more 


marked dilatation takes place, which must be regarded as au active © 
dilatation, and is not comparable with the passive dilatation which may 
be due to exhaustion of the muscles of the middle coat of the vessels. 
Tracing No. 11, Plate XI., shows examples of this sort. The sciatic nerve 
had been cut 5 days. It was the same frog experimented upon when 


_ the record reproduced in fig. 4, page 450, was made. Following a tempo-— 


rary initial contraction, which lasted about as long as the irritation, a 
prolonged dilatation is produced. The shocks were given once every 
second. It seems as if two elements were contending here for the 
mastery. At first the element which produces contraction prevails ; 
afterwards, the element which causes dilatation gains the ascendancy. 

It is not easy, in most frogs, to produce dilatation with the tetanic. 
or rapidly interrupted current. In frogs with freshly cut nerves, this 
seems to be almost impossible. In some instances, however, a few days 


* after cutting, I have obtained well marked dilatation as the result of this 
_ kind of irritation, (see No, 12). The question of degeneration or change 


in the nerve favouring dilatation is here to be considered, From the 
limited number of experiments bearing upon this point that.I have 
made, it seems that the greater the length of time that elapses after the 
cutting of the nerve, the greater the —— for a rapid series of 
induction shocks to cause dilatation. 

As the result of tetanic stimulation of the cut nerve two well marked 
dilatations are recorded in No. 11 A. The intensity of the first stimulus 
was 40 and of the second 60. The duration was longer in the first 
instance than in the second. As the consequence of the first stimulation 
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there occurs a very slight initial contraction before the dilatation. The 
preliminary contraction is much more marked in the second case in 


consequence of the increased intensity. In No. 12 A, we have a pure 


dilatation without any preliminary contraction as the result of a much 
less intense irritation. Nos. 11 and 12 A were obtained from the same frog, 
and during the same experiment. They not only serve well to illustrate 
the fact that tetanic irritation of the cut nerve may produce dilatation, 
especially after the nerve has been cut sometime, but they likewise show 
that the greater the intensity, the greater the tendency to contraction, and 
vice versa, This seems to be true of the slowly interrupted current. No. 
12 Band C are taken from a frog 9 days after section of the sciatic. Slow, 
rhythmic irritation of an intensity of 30, produced at ¢ a simple dilatation. 
At d the same kind of stimulus five times as intense, produced a _— 
inary contraction. 

No. 13 A, B, C, taken from. a frog nine days after the section of its 
left sciatic, show very beautifully. the effect of varying the intensity 
of the tetanic stimulus. By gradually increasing the strength of the 
current we increase the extent of the ensuing dilatation until we reach a 
point where a faint suggestion of a preliminary contraction shows 
itself; from these onward, as the strength increases, the preliminary 
contraction becomes more and more marked, and the subsequent 
dilatation lessens, until a marked contraction with little or no dilatation 
results. When we speak of the tendency of increased intensity to 
cause contraction, we speak with reference to a critical point, which, 
in No. 13, is placed at g, where the stimulus of 50 was used. This 
is the point where a stimulus, which when a little less intense produces 
a pure dilatation, is followed by the first indication of contraction. 
Before this critical point is reached, any increase in the intensity may 
simply increase the extent of the dilatations, as is shown in the tracing. 

This is also well shown in No. 12 Band ©. Tetanic irritation of 15 
at c produced slight dilatation, whereas at f 30 gave extensive dila- 
tation; the critical point had not been reached here. 

Nos. 16 and 17 are introduced to show the effect of the second Stor 
in*varying the effect of electrical stimulation of the cut nerve, namely ; 
the number of induction shocks per second. The tracings were taken 
from the same frog, during the same experiment, The upper line in 
the figures is the tracing of the right leg with uninjured nerve; the 
lower tracing is that of the left leg, the. nerve of which had been cut 
upon the same day. No. 16 A and B show two well marked dilatations 
following the employment of a current interrupted every second and 
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of an intensity of 100. In No. 17 A, Band C the intensity employed 
was 50. The rates per second employed were as follows : 


For17.A 2 interruptions. 


» 
166.8 8 
” 17C,b 74 ” 


The critical point is situated at 17B; every increase in the 
frequency of the shocks above that point is accompanied by an increase 
of the contracting and a lessening of the dilating effects, until con- 
traction alone is obtained. 

No. 14 exhibits the effects of variation of the third factor, the 
duration of the stimulus. The nerve had been cut nine days. Tetanic 
irritation of the same intensity was used for each stimulation. The 
duration of the stimulus varied from 4 a second to ‘30 seconds, The ~ 
longer the duration, the greater the contraction. After the shorter 
durations (+”, 1”, 3”,) a dilatation follows the contraction. 

No. 15 shows contrasted effects produced by different kinds of 
stimulation. The effect at a was due to two induction shocks in a 
second, having an intensity of 100; b, c and d are the effects of tetanic 
irritation of variable intensity. The critical point for the last three is 
placed at d. 

Double tracings obtained simultaneously from both legs of the frog 
show that the effects of irritating the peripheral end of the cut sciatic 
of one leg are local and are not due to any effect upon the heart. 
This is also proved in a more conclusive manner by the experiments 
that we have performed in which tracings of the heart were obtained 
with those of the legs. 

The number of plethysmographic tracings that have been taken 
in this series of experiments is very great. Many frogs were used. 
Those which gave the best results were large specimens of our native 
bull-frog (rana pipiens). A large share of the observations were made 
in the winter; some were made in the autumn and spring. 


Conclusion. 


The results of our experiments point to the existence of a vaso- 
dilator. as well as a vaso-constrictor mechanism in the frog. The 
vaso-motor mechanism is not so active in cold blooded animals as 
‘in warm, and therefore we are not surprised that we obtain dilatation in 
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the vessels of the leg of the frog with greater difficulty than was 


experienced by Bowditch and Warren in producing the same result 
in the leg of the cat. 

It must be remembered that many of the dilatations obtained 
in these experiments with slow, rhythmical stimulation, resulted from 
the use of relatively strong currents. The slowly interrupted current 
which produced dilatation was generally much stronger than the 


rapidly interrupted one which caused constriction, We must take into 


consideration the total stimulation which the nerve undergoes. This is 
found by multiplying the intensity of the current by the duration 
of the irritation and the number of interruptions per second. For 


‘example, let the intensities of the current employed in two experiments 
be represented by 150 and 10, and the duration of the stimulation be 


10 seconds in both instances. If the number of induction shocks per 


- second in the first case is one and in the second 15, the total 


stimulation in both experiments will be the same and will amount to 
1500. By comparing the total stimulations employed in our experi- 
ments it will generally be found that when dilatation is obtained the 


total stimulation is much less than when contraction results. 


This is readily illustrated by the tracing reproduced in No. 10, 


Plate X., as a ee of the tracing and the — oe will 


show. 
Total 
Stimulation : Result 
a 30,000- dilatation 
b 10,000 great dilatation — 
c 45,000 contraction 
d 67,500 great contraction 
e 15,000 dilatation 
A 5,750 no result 
g 10, 000 _ great dilatation 


Results shail at different times cannot perhaps be so profitably 
compared with one another, but even here it is very apparent that the 
greater the total stimulation in a given time, the greater the tendency 
to contraction. 

We must not be led into the error of expecting that the same total 
stimulation obtained with a varying number of induction shocks 
per second will always have the same effect in the same frog, the other 
conditions of the experiment remaining constant. Experiment proves 
the contrary to be true. 

We find that, when the total stimulation remains constant, 
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the tendency to contraction increases with the number of 
induction shocks per second. For example, in one case we may 
have an intensity of 150, a duration of 10” and a rate of one shock 
per second. In a second case we may suppose the intensity to be 10, 
the duration to be 10” and the number of shocks per second to be 15. 
The total stimulation in both cases is the same, but, in the first instance 
we might have dilatation, and in the second contraction. 

The effect of the induction shocks is cumulative. The stimulus 

imparted by the induction shock is practically instantaneous, but its 
effect abides for an appreciable length of time, and gradually subsides. 
If a second shock is received before the effect of the first is completely 
worn away, and then another shock at an equal interval of time, and so 
on, the effect of the stimulus will go on increasing up to a certain point. 
Hence, a single induction shock, or a limited number of such shocks, 
‘which alone are not of sufficient intensity to produce any effect on the 
blood-vessels, may be able to do so, if they are repeated in a sufficient 
length of time. 
It would be idle to assume that the effect of a powerful shock wears 
_ away as quickly as that of a weak one, but we are not justified in 
assuming that the length of time during which the effect of .such a 
stimulus persists is directly proportional to the intensity of the shock. 
It is very possible that a weak shock may produce a greater proportional 
disturbance in the nerve than a strong one. No doubt a portion of the 
electrical energy of the shock is converted into some form of molecular 
disturbance in the nerve; but we have no reason to assume that the 
amount of energy thus appropriated is always in exact ratio to the 
intensity of the shock. Hence, it appears probable that in two cases 
where the total stimulation is the same, the irritation may be greater 
‘with rapidly interrupted weak shocks, than with shocks of greater 
intensity following one another at greater intervals. 

As the susceptibility of different frogs to shocks of varying intensity 
and frequency varies, so may that of the same frog under different con- 
ditions. 

It is evident that the apparatus and methods uned 3 in these investi- 
gations can be profitably employed i in studying — problems in vaso- 
motor physiology that remain to be investigated. 

The plates are exact photographic reproductions of tracings. The 
size of the tracings was reduced one-ninth to accommodate them to the 
ios of the page. Much of the delicacy and sharpness of the original 
tracings is lost in the reproductions, which are in other respects perfectly — 
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accurate. Some blemishes due to unequal smoking of the paper or 
removal of the carbon by accident are exhibited in the reproductions, 
which were made by the gelatine process. 3 
In conclusion I have to express my great obligation to Prof. Bow- 
ditch for much valuable assistance in carrying on these researches. 


EXPLANATION OF PLATES. 


Reproductions of tracings upon smoked paper. All 
be read from right to left. 

No. 1. Changes in temperature recorded by the apparatus closed with a 
rubber stopper. The changes were probably due to currents of air. : 

Nos. 2 and 3, ‘Tracings of the frog’s upon a 
rapidly moving. cylinder. 

No. 4. Heart tracing upon a nlowly moving cylinder showing spontaneous 
inhibition of the heart. 

No. 5. Heart tracing. Heart irregular and the animal nearly dead. 

Tracings of both legs were taken at the same time: these showed rises when | 
the heart beats became more frequent. 
No. 6. Tracings of heart and both legs of same frog several minutes 
later. The heart was nearly paralysed ; the ventricle beat only at intervals; 
the was quiescent. When the 
ventricle contracted the leg tracings rose. 

Nos. 7 and 8. Tracings of both legs, Left sciatic cut. Contractions of 
vessel caused by irritating cut nerve, Intensity of stimulus was 50 in No. 7 
and 100 in No. 8. 15 shocks in a second and a duration of 15” in both. 

No. 9, Dilatation of the left leg caused by irritating the cut nerve with 
the induced current once every second, Relative intensity same as in No, 8, 
and from the same frog upon the previous day. 

No, 10. A, Band C. Continuous tracing from the left leg of a large frog. 
The frog was curarised and its left sciatic cut the day before the tracing was 
taken. The tracing shows spontaneous changes and those due to electrical 
stimulation of the cut nerve. The lettered breaks in the horizontal line 
indicate the points where the irritation was applied, and also record its 
duration. At c and d are contractions caused by 15 shocks in a second. 


At a, 6, ¢ and g are dilatations caused by one shock in a second. 


No. 11. 4. Shows effect of varying intensity of tetanic irritation. 
Intensity employed at a was 40, and at 6, 60. 
The duration in the first instance was nearly twice as great as in the second. 
No. 11. Band C. From same frog. Dilatations with preliminary con- 
tractions caused by electrical stimulation of the sciatic with shocks occurring 
ouce every second, 
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No. 12. 4, Same frog as in No. 11. Nerve had been cut 5 days. Tetanic 
irritation with an intensity of 10. 
No. 12. Band C. Same frog as in A, 9 days after cutting the sciatic. 
At 6 tetanic stimulus with an intensity of 10; at c, tetanic 15; d, slow, 
rhythmical, intensity 150 ; e, slow, rhythmical, 30 ; f, tetanic, 30 ; g, tetanic, 5. 


The length of the breaks in the abscissa represent the duration of the stimulus 
‘in each instance. 


No. 13. 4, Band C. Tracings from a frog whose sciatic was cut 9 days 
before. Effects of varying the intensity of the tetanic irritation. The pare 
sities employed were as follows: a, 10; 8, on c, 20; d, 25; 4% 30 ; J, 40 
g, 50; h, 60; ¢, 80; 7, 100. 

No. 14. Sciatic cut 9 days before. Effect of varying the duration, the 
other factors remaining the same, __ 

No. 15. Sciatic cut 7 days before. See text. 

No. 16. A and B, Sciatic cut same day. Two dilatations produced by a 
rate of once per second, and an intensity of 100. Upper tracing that of right 
leg with uninjured sciatic. 

No. 17. 4, Band C. From the same frog as No. 16, Effect of varying 
the — the intensity remaining constant. 
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SOME, VASO-MOTOR. FUNCTIONS OF THE SPINAL 
NERVES IN THE FROG. By W. HORSCRAFT 
- WATERS, M.A., Demonstrator of Physiology, The Owens College. 


THE following results were obtained from a series of experiments 
made at Leipzig under the direction of Professor Ludwig, for the 
purpose of ascertaining whether the distribution of vaso-motor nerves 
in the various regions of the frog’s alimentary canal bore any distinct 
relation to the different spinal nerves as they were given off from the 
spinal cord. Some time has elapsed since the date at which the experi- 
ments were made (1879), but I had hoped to carry out others bearing 
on the same subject; since, however, it has been impossible to do so, a 
statement of the facts obtained may be of some physiological interest. 

The apparatus consisted of a wooden platform, 15 cm. long and 10cm. 
wide, fastened in a horizontal position to the vertical rod of a stand, and 
having along the middle line a slit lem. wide. A piece of lead piping, 
with one end fixed to the under surface of the platform, carried a short 
brass tube at its free end through which ran a pair of platinum electrodes 
embedded in a vulcanite rod. The electrodes at one end of the rod 
rested upon the surface, and at the other end were connected by small 
rolls of fine,.silk-covered, copper wire with two binding-screws fixed te 
the platform. The rod was about ‘5 cm. in diameter, and by the above 
arrangement could be pushed through the slit to the upper surface of 
the platform so as to allow the electrodes to rest against a nerve exposed 
in a manner to be afterwards described. 

On the upper surface and at each side of the platform was a vertical 
wire with a hook termination, over which ran a silk thread. One end 
of the thread could be fastened to the board; the other had a double 
termination so as to carry, horizontally, a small piece of straw or wood 
about 5cm. long, for the purpose of holding back the walls of the 


abdominal cavity after their antero-  isesieg division and during the — 


examination of the intestine. 
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- The battery was one Daniell’s cell, allowed to work some time before 
use so that the current might reach a constant strength; while the 
induction coil was so arranged that the interrupted current gave but 
a slight stimulus when the platinum electrodes were applied to the 
tongue, the distance between the primary and secondary coils being 
about 6 to 8 cm. 

The secondary current was short-circuited by a du Bois Reymond’s 
key, the stimulus being applied by unshort-circuiting the secondary 
current, Good intervals were allowed between the stimulations of a 
nerve. | 

To prevent any changes taking place in the blood vessels of the 
_ alimentary canal from drying while exposed to the air, a gentle stream 
of normal saline solution was allowed to flow over the exposed parts, — 
careful examinations having been made to show that this alone brought 
about no changes in the calibre of the vessels, Moreover, in the 
intervals between experimentation, when direct observation was not 
- necessary, the abdominal cavity was closed by allowing the walls to 

meet, : | 

Dissection of the nerve. All experiments were made upon strong and 
healthy frogs under the influence of urari, and care was taken by 
ligaturing all divided blood vessels to prevent loss of blood... ? 

The urari (generally from 1 to 15 c.c. of a solution of ‘006 gm. in 1 c.c. 

of water) was injected into the dorsal lymphatic sac, and the animal 
allowed to rest until no reflex movement occurred on touching the 
cornea, 
The frog having been placed on its belly, thé dorsal lymphatic sac was 
opened about the place where the particular nerve to be studied emerged 
from the neural canal, Fine ligatures were tied round the extensor 
dorsi communis, anterior and posterior to that part which it was neces- 
sary to divide in order to reach the nerve. This was next done. The 
intertransversalis was carefully removed, the nerve exposed, a ligature 
tied round it as close as possible to the spinal cord, and the nerve 
divided between the cord and the ligature. The root of the nerve could 
then be handled with care and without any undue strain. 

Fixing the animal with its back upon the platform so that the 
vertebral column ran along the slit, the electrodes were pushed through 
the latter, and that portion of the nerve between the ligature and the 
ramus communicans was made to rest upon them, but in such a manner 
that the nerve received no strain, and that the platinum was not in 
contact with any other tissue. The electrodes were finally placed in 
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connection with the secondary coil by means of the binding-screws on 
the platform. 

Examination of the blood vessels. Having placed the animal upon 
its back with the above arrangements, incisions were made for 
examination of the alimentary canal, which was disturbed as little as 
possible in order that the blood-flow should not receive any check from 
twisting of the vessels. 

A longitudinal incision was made in the skin, and then in the 
muscles of the belly, sometimes towards ‘the median line, sometimes 
towards the side, according to the parts to be examined. The anterior 

abdominal vein, having been doubly ligatured just below the sternum, 
was divided between the ligatures, and a transverse incision was then 
made through the muscles at this point. The two flaps of abdominal 
muscle were then fixed to the small horizontal bars by a silk thread, to 
allow of their separation during an observation. The flow of normal 
Saline was then permitted. 

- Each experiment lasted from two to three hours and an examination 
was always made afterwards, to be sure of the exact nerve stimulated, and 
that the electrodes were playing well upon this nerve and upon it alone. 

The constriction of the vessels was frequently accompanied by 
peristaltic movements, but was also distinctly seen when these were 
absent. 

Since the variations in calibre had to be observed with the naked 
eye, it was naturally the larger vessels to which the greater attention 
was paid; the finer branches from these, however, followed the same 
action. Vessels upon the surface, together with those slightly below, 
underwent constriction. 

The results obtained were most decided, the stimulation of a particular 
spinal nerve being associated with the constriction of the blood vessels 
in @ particular portion of the alimentary canal. 

- The action of the individual nerves was as follows :-— 

Third Spinal Nerve. Stimulation of the third spinal nerve generally 
caused peristaltic movements in the esophagus, travelling towards, and 
stopping at, the cardiac orifice of the stomach. They were always 
associated with distinct constriction of the blood vessels in the, asophagus, 
and the constrictions could be seen on use of a weak stimulus when the 
peristaltic movement was very feeble or even absent. 
~ On strong stimulation the deeper vessels entirely Sninsenred:: no 


Fourth Spinal Nerve. Strong stimulation was accompanied by 
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peristaltic movement. With a weak current, when no such movement 


~ oceurred, the blood vessels of the stomach became constricted; the lower 


limit to this action was the pyloric constriction, but the upper one was 
more difficult to decide, being at the junction of the cesophagus and 
stomach, that part to which the influence of the third nerve reached. 

Fifth Spinal Nerve. The peristaltic action when present was but 
slight. The constriction of the blood vessels was particularly well 
shown and confined to the upper portion of the small intestine, commenc- 
ing distinctly at the pyloric constriction and covering a little more than 
one-third of the length. : 

Siath Spinal Nerve. The best observations were made on opening 
the abdominal cavity by a lateral incision to the right side. The results _ 
were most decided, stimulation of the nerve being followed by constriction - 
of the vessels in the lower two-thirds of the small intestine. At times a — 
peristaltic action occurred. | 

Seventh Spinal Nerve. The action was a distinct one upon those 
vessels distributed on the surface of the large intestine. In a few cases 
the action also reached a very smell portion of the small intestine 
joining the large one. 

Eighth Spinal Nerve. The experiments with these nerves gave a 
somewhat undecided result. At times, and particularly in a frog whose ~ 
vessels were well filled, those found in the bladder constricted on 
stimulation of the eighth nerve, at other times aoa effect was very 
feeble or absent. 

From the results thus obtained I feel justified in concluding 
that the blood vessels in separate areas of the alimentary canal are 
governed by vaso-constrictor fibres which travel along distinct and 
determinable spinal nerves, each spinal nerve ae fibres for a 
certain area. 


CAMBRIDGE: PRINTED BY ©. J. CLAY, M.A. AND SON, AT THE UNIVERSITY PRESS. 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1885. 


No. I. February 14 


1,. Dr C. A. MacMunn communicated the following preliminary 
account: “Observations on some of the colouring matters of Bile and 
Urine, with especial reference to their origin ; and on an easy method of 
procuring Haematin.” 

(a) Easy method of procuring Haematin. In 1880 I showed that 
chloroform is a solvent for the impure haematin which is obtained from 
defibrinated blood by the action of alcohol acidulated with sulphuric acid. 
The blood was extracted with rectified spirit and sulphuric acid, 1 in 17, 
and filtered, the filtrate diluted with water and shaken with chloroform ; 
which on being separated off in the separating funnel, filtered, and 
evaporated, left a dark brown residue whose solubility differed from 
haematin as it is usually described. I now find that pure haematin can 
be procured from this, but to avoid the influence of the colouring matter — 
of serum the blood clot is used. The blood clot is treated with acidu- 
lated alcohol as above; the filtered solution after dilution with water is 
agitated in a separating funnel with chloroform, which takes up all the 
colouring matter. The chloroform after filtering is again shaken with 
distilled water, which removes most of the acid clinging to it ; it is then 
corked up in a bottle and after some hours becomes cloudy, this appear- 
ance. being due to the separation of the haematin which is found tohave 
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crystallized out in very small rosettes and crosses composed of sm 
needles and rhombic tablets, and bearing some resemblance to haer 
crystals, but wanting the larger brown isolated rhombic tablets. 
separating the crystals by filtering, washing with water, alcohol and eth 
and drying, a blueish black mass is obtained, which answers to all the : 
actions of pure haematin and readily yields haematoporphyrin. | 

(b) Pigment of Sheep and Ox bile. The banded spectrum oft 
shown by sheep- and ox-bile is not due to biliverdin, but to a pigme 
having a close relationship to haematin and being a reduction product 
it. It is taken up by chloroform when the bile is shaken with the latt 
after precipitation of the mucin by absolute alcohol and acetic acid. 
1880 I shewed that a spectrum like that of the present pigment may 
obtained from alkaline haematin by means of reducing with sodit 
amalgam for a short time in the cold, and I now find that, if the isola 
pigment of ox-bile in solution is treated with sodium amalgam for so 
time and heat applied, haematoporphyrin is obtained. 

The biliverdin of ox-bile is also taken up by chloroform, and thus diff 
from biliverdin obtained from bilirubin, as this is insoluble in chlorofo1 
the above pigment, for which I propose the name cholohaematin, seems 
replace it to a great extent in some cases. The statement that biliver 
yields a banded spectrum (Dalton) is erroneous, and arose from > 


supposition that the — a belongs to the biliverdin, -whicl 


not the case. 

(c) Peculiarities of the mations in the bile from a 
Fistula. Here the principal pigments met with were urobilin—as pro’ 
by the absorption bands of its various solutions and their behaviour w 
zinc chloride—and biliverdin, which appeared to be present partly 
the condition of a chromogen. This biliary urobilin seems to be 
same as that which occurs in \ facces—the stercobilin of Vaulair : 
Masius. 

(d) Colouring matters ate Fauie The various solutions obtai 
by digesting faeces in water, alcohol, ether, chloroform and acidula 
alcohol contain the same pigment—namely stercobilin.. The ether 
chloroform take up in addition food chlorophyll and lutein. The aci 
lated alcohol also contains indigo blue, which goes into chloroform w 
this solution is agitated with it. There may be other colouring matt 
but their recognition is not possible at present. No unchanged 
pigments could be detected. The only difference between stercot 
and febrile urobilin is that when solutions of the former are treated 1 
zinc chloride and ammonia they have a better marked green fluoresce 
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pa some feeble bands in their spectra differ slightly in measurement 
from similar bands in the solution of febrile urobilin, = 

(e) Colowring matters of urine. Those traceable back to bile 
pigments and haematin are normal urobilin, febrile urobilin and uro- 
haematin. Normal urobilin differs in the shading of the bands of ifs 
solutions and in other peculiarities of the spectra of its solution, as well 
as in the colour of the solid pigment, from stercobilin or the urobilin of 
bile. I formerly shewed that it seems to be identical with choletelin 
and with a pigment produced by the action of peroxide of hydrogen on 
acid haematin. I now find that if an alcoholic solution of this last be 
treated with zinc chloride and ammonia it shews a green fluorescence, 
hence the view as to the identity of the respective pigments is mueh : 
strengthened. 

Febrile urobilin is hardly distinguishable from the urobilin of bile 
and from stercobilin; the slight difference between them can be accounted 
for by supposing the pigment—after leaving the intestine and liver—to 
have undergone an oxidation or other change. 

Urohaematin is a pigment which [ first described in 1880. I might 
with more precision have named it urohaematoporphyrin, as it is closely 
related to haematoporphyrin, though not (as I have formerly shewn) 
identical with it. It°only differs from haematoporphyrin in representing 
a further stage of reduction of haematin, from which I prepared it arti- 
ficially by the action of zinc and sulphuric acid, also by the action of 
sodium amalgam. It can be isolated from urine by the same methods 
as those required for the preparation of the urobilins. 

It occurs almost constantly in the urine of acute rheumatism, and 
(as I shewed in a paper in Brit. Med. Journal, Dec. 1883) I detected it, in 


_ the urine of a case of so-called “idiopathic pericarditis.” I have recently 


found it in the urine of Addison’s disease, which tends to support the view 
as to the function of the suprarenal bodies already brought before this 
Society in December. Hence it may occur under two conditions (1) when 
there is an over-production of effete blood-colouring matter or effete histo- 
haematin in excess of the amount which the organs concerned in the 
further metabolism of these pigments can deal with. (2) The amount 
of the effete pigment not exceeding the normal, it may not undergo the 
normal metabolism owing to disease of these organs; the latter being 
the condition of things in Addison’s disease. 

‘Urohaematin may possibly be derived from myohaematin, because in 
the integument of Uraster rubens, and of the slugs Limax and. Arion 
‘haematoporphyrin occurs as such, as I have shewn, while their tissues 
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and organs do not contain a trace of haemoglobin, but do contain hist 
haematin, 

With regard to the connection between the colouring matters | 
blood, bile and urine, it seems that biliverdin is formed from haemochr 
mogen in the liver, for I have seen in one part of a lobule from the liver 
@ pigeon (examined in the compressorium) haemochromogen, and close | 
it biliverdin ; and I have lately shewn that in the common sea anemon 
Actinia mesembryanthemum, a pigment is present which is changeab 
into haemochromogen, and in the mesoderm and other parts of this speci 
a green colouring matter occurs, which is biliverdin; here biliverd: 
represents the effete respiratory haematin-yielding pigment. Besides 
occurs under pathological conditions when its parentage from blood-pi; 
ments can be proved. 

Febrile urobilin appears to me to be nothing more than the slight! 
changed so-called hydrobiliverdin (= stercobilin) formed by putrefacti 
prccesses in the intestines and carried through the branches of the port 
vein into the liver, where probably it is changed into a chromoge 
Under normal conditions a small amount of this chromogen finds its ws 
into the circulation and is excreted in the urine. Another part ms 
escape in the condition of urobilin as such into the circulation, and | 
further oxidised into normal urobilin. By disturbances of the circulatic 
in the liver a considerable quantity of unchanged urobilin may get in 
the blood and be excreted almost unchanged, as febrile urobilin. 

But it must not be forgotten that normal urobilin is not the same : 
febrile urobilin, and that it may be furnished by the metabolism | 
haematin ; and further, that a pigment entirely derived from haemati 


without any biliary origin may appear in the urine. 


2, Dr T. Casn demonstrated a method by means of which he hs 
registered the movements of the unopened intestine, and mentioned son 
of the chief results which he had obtained. These will shortly be pul 
lished. 


8. The following preliminary communication was made by L 
GASKELL, F.R.S., “ On the relationship between the structure and tl 
function of the nerves which innervate the visceral and vascular systems 
and microscopic specimens were shown to illustrate the various poin 
mentioned: 

In previous communications I have shown that the heart of vario 
cold-blooded animals, e.g. frog, tortoise, crocodile is innervated by nerv 
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coming from two distinct sources in the same way as the heart of the 
warm-blooded animal; and I am now enabled to make the further 
communication, that in the dog, cat, rabbit, tortoise and crocodile these 
two sets of nerve fibres are structurally differentiated from each other in 
precisely the same manner. The vagus fibres from their origin up to 
their entrance into the heart are medullated, the sympathetic fibres in 
the whole of their course from the basal ganglia of the sympathetic 
along the annulus of Vieussens to the heart are non-medullated. 

In the rabbit we can see in the most striking manner that all the 
medullated fibres which are to be seen in the course of the accelerator 
nerves as they pass to the heart belong in reality to the depressor nerve. 
Before the depressor fibres join them, these nerves are composed entirely — 
of non-medullated fibres. We see also in the rabbit that these non- 
medullated cardiac nerves do not necessarily all pass from the inf. cerv. 
ganglion; in many cases one or more small ganglia are to, be found 
higher up in the cervical sympathetic from which strands of non- 
medullated fibres pass downwards to join the rest of the cardiac sympa- 
thetic nerves. These ganglia evidently correspond to the middle cerv. 
ganglion of other animals, and the non-medullated fibres which issue 
from them reach them doubtless by way of the inf. cerv. ganglion 
and the annulus of Vieussens as in all other cases. This fact is worth 
mentioning because the assertion that accelerator nerves pass down the 
cervical sympathetic is chiefly based upon y. Bezold’s experiments on 
the cardiac nerves of the rabbit, and unless he stimulated very high up 
in the neck he could not help stimulating these recurrent nerve fibres 
which issue from these small middle cervical ganglia. é 

We can say then for the heart that those fibres which inhibit its 
action and relax its muscular tissue are medullated, while those which 
increase its action and augment the contractions of its muscular tissue 


‘are non-medullated. 


Further, what holds good for the heart is almost certain to hold good 
for the rest of the vascular system, and in all those cases upon which the 
existence of vaso-dilator nerves is based the fibres of the nerve in 
question are found to be medullated. Thus the chorda tympani, for 
the blood-vessels of the submaxillary gland, the small petrosal for 
the blood-vessels of the parotis, and the n. erigentes are all composed 
of medullated fibres, while the sympathetic nerves which pass from the 
sup. cerv. ganglion to the corresponding glands are non-medullated. If 
we compare the nerve which relaxes the muscles of an artery to the 
nerve which relaxes the cardiac muscles and the nerve which contracts 


a 3 


7 
. 
4 
A 
4 
y 
A 
3 
q 
is 
4 
> 
- 
az 
$ 
7 
Rect. 
¢ 
au 
J 
gigs 
wag 
a 
¢ 
oe 
+ 
¥ 
ty 
3 ve 


: vi PROCEEDINGS OF THE PHYSIOLOGICAL 


an artery to the nerve which increases the contraction of the cardi: 
muscle we obtain as a law for the whole vascular system : 

Those nerves which cause relaxation of the muscul: 
fibres are medullated; those which cause contraction a: 
non-medullated. 

If we now pass from the vascular to the visceral muscular oe V 
find evidence of the same law. The nerve which undoubtedly caus 
contraction of the muscular fibres of a large portion of the alimenta: 
canal is the vagus. The nerve which inhibits that contraction at 
causes a relaxation of the muscular walls is the splanchnic. We fit 
_ then here just the reverse of what is seen for the heart, the motor nerv 
now spring from the vagus, and the nerves which relax the muscles ari 
from the sympathetic system; and when we come to compare tl 
structure of the two nerves we find that a change of structure h 
occurred part passu with the change of function. I have compared tl 
two nerves chiefly in the dog; the difference in this animal is mo 
striking. The great majority of the fibres of the vagus below the poi 
of exit of the pulmonary nerves are non-medullated; the medullat 
fibres have almost all left the nerve in the laryngeal and depress 
nerves, in the cardiac and pulmonary branches ; only a few are left 
accompany the mass of non-medullated fibres which constitute almc 
the whole of the lower thoracic portion of the nerve. The conclusion 
irresistible that the motor nerves of the intestinal walls are composed 
non-medullated fibres. On the other hand, the splanchnics are main 
composed of medillated nerves, the number of grey fibres being ve 
small in comparison ‘to the number of white. Now we know that t 
splanchnics are the motor nerves for the blood-vessels of a large area 
the abdomen ; and it is clear that the amount of muscular substance 
these vessels is much less than the amount in the walls of the alime 
tary canal supplied by those vessels. If therefore we take it for grant 
that a due proportion exists between the number of nerve fib: 
supplying an organ and the amount of tissue to be supplied, it follo 
that the vaso-constrictor fibres in the splanchnics must be much k 
numerous than those which relax the walls of the alimentary cana 
in other words the latter fibres are medullated, the former no 
medullated. 

Again, we find that those nerves of the otsingd sympathetic whi 
dilate the pupil are medullated. They pass as the white rami comm 
nicantes upwards from the ventral branches of the first three or fo 
thoracic spinal nerves to the large first thoracic ganglion: they can 
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traced in the dog over this ganglion as white threads along each limb of 
the annulus of Vieussens to the inf. cerv. ganglion, and thence as a fine 
white nerve to the sup. cervical ganglion. This thin white nerve can be 
dissected out of the conjoint vago-sympathetic, isolated, and stimulated. 


The dilatation of the pupil produced by its stimulation is much more 
_ pronounced than when the whole nerve is stimulated. 


The investigations of Griinhagen have thrown very considerable 
doubt upon the existence of a m. dilator pupille, and the close paral- 
lelism between his experiments with the suspended sphincter muscle 
of the iris and mine with the suspended strip of auricular muscle leads 
strongly to the conclusion that in both cases the inhibitory effects 
produced by direct stimulation are due to the same cause. The action 
of atropin and the effect of degeneration of the vagi nerves have ~ 
convinced me, as I pointed out at the meeting of the International 
Medical Congress in Copenhagen, that for the heart the cause is to 
be found in the stimulation of inhibitory nerve fibres in the muscle strip ; 
and it is therefore highly probable that the relaxation of the iris muscle 
strip which occurs upon direct stimulation is also due to nerves of 
relaxation in the suspended muscle. On the other hand, the motor 
nerves of the sphincter of the iris are not similar to the augmentor 
nerves of the heart ; they are not non-medullated but medullated, they 
belong to the ordinary motor fibres of the third nerve, and afford an 
example of the innervation of involuntary muscular fibre by nerves 
which are usually associated with voluntary muscular action. This 
apparent anomaly is probably associated with the fact that in many 
reptiles and in all birds this muscle is composed of ordinary striated 
muscle fibres and is under the power of the will. | 

Apart from this special case we are, I think, justified in generalising 
to the following extent. } 

Those nerves which cause contraction of involuntary 
muscle are non-medullated, while those which cause relax- 
ation of the same kind of muscle are medullated. . 

_ We can however go further than this, for these visceral medullated 
nerves are peculiar in histological characters and easily distinguished 
from the medullated nerves which constitute ordinary motor and sensory 
nerves. In all cases they consist of bundles of fine fibres which are 
very much smaller than the larger medullated fibres found in the 
posterior roots, and therefore still smaller than the large motor fibres of 
the anterior roots. They correspond to Bidder and Volkmanns’ 
definition of those medullated fibres, which according to them are charac- 
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teristic of the sympathetic system. They are easily traceable in the 
anterior and posterior roots of the dorsal spinal nerves; they form 
the greater part of the white rami communicantes and pass to the 
abdomen along such nerves as the splanchnics, and upwards along the 


_ cervical sympathetic, retaining always along the whole of their course 


the same histological characteristics. They form the main portion of 
such nerves as the chorda tympani, small petrosal &c., and when 
lying in contact with nerves of different characteristics, as, for example, 
when the chorda tympani joins the facial they can always be detected, 
as Heidenhain has pointed out, as bundles of fine fibres distinct from 
the larger fibres of the motor or sensory nerves. They form a great 
part of the roots and of the trunk of the vagus and glossopharyngeal 
nerves, and here again, as we have seen in the case of the heart, they 
present the same characteristic appearance throughout the whole of 
their course. They form a large part of the fibres of the n. erigentes, 
and can be traced into the corresponding sacral nerves as a group of fine 
medullated fibres surrounded by the larger motor and sensory nerves, 
being as strikingly distinct as the chorda tympani fibres when mixed 
with the large fibres of the facial. I venture then to suggest that such 
fine medullated fibres are characteristic of these nerves, whether they 
appear to belong to the cranial, spinal or sympathetic systems, 

So far we obtain the following generalization. 

Every involuntary muscle is innervated by two nerves 
which are histologically and physiologically distinct: the 


one, grey, non-medullated, causing contraction of the muscle; 


the other, white, fine, medullated, causing relaxation of the 
muscle, | 

Seeing that these two sets of nerves are not confined to any one 
nervous system such as is implied in the terms vagus and sympathetic, 
it will be better to class them both together as visceral nerves, and to 
call the one “white visceral” or “leucenteric,” and the other “grey 
visceral ” or “ polioenteric.” 

It should be mentioned that in addition to these leucenteric nerves a 
certain number of larger medullated nerve fibres are seen in the rami 


-communicantes and in the peripheral branches of the visceral nerves in 


various parts of the system ; these nerves correspond in appearance and 


_ probably also in function to the sensory nerves of the posterior roots, 


and doubtless are nerves of common sensation to those visceral surfaces 
which are endowed with sensitiveness, The distribution of these 
nerves is of great interest but must be left to a future communication. 
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_ Finally, it is advisable to say a few words about the origin of these 
two kinds of visceral nerves, Hitherto I have spoken only of the 
difference between leucenteric and polioenteric nerves as seen in the 
course of the peripheral visceral nerves; I have not meant. to imply 
that such nerves pass out of the central nervous system as medullated 
and non-medullated respectively. On the contrary, all histological 
evidence points to the conclusion that non-medullated nerves are not to 
be found passing from the spinal cord into either the anterior or 
posterior roots. In this case all the visceral nerves when they first 


leave the central nervous system must be medullated, and the distinction 


in function between the peripheral medullated and non-medullated 
nerves would depend not upon a difference of structure from origin to 
termination, but rather upon some anatomical arrangement associated 
with the loss of the medulla at certain definite points. To illustrate 
my meaning we can compare the fibres of the roots of the vagus with 
those of its thoracic portion. Stimulation of the roots of the nerve 
causes inhibition of the heart’s action and contraction of the oesophagus 
&c., and any one looking at the roots alone would say with certainty, 
both these actions are caused by medullated fibres. But stimulation of the 
thoracic portion of the nerve causes exactly the same actions; and now, 
as I have shewn, we are compelled to conclude that the one action is 
still due to the presence of medullated fibres and the other to non- 
medullated. 

The conception that the visceral nerves leave the central nervous | 
system as medullated and never as non-medullated fibres, leads to most 
important anatomical conclusions, for it means that we can trace the 
connection between the visceral system and the central nervous system 
essentially by the white rami communicantes alone: in other words, by 
means of bundles of these characteristic fine medullated fibres, Such 
bundles would correspond to the ramus visceralis of the morphologist. 
Now an examination of the whole visceral nervous system in the dog 
teaches us the following propositions : | 

(1) No definite white ramus communicans passes from the spinal 
nerves to the basal ganglia of the sympathetic until we reach the first 


thoracic nerve. 


(2) Well-marked white rami occur with each metamere and pass to 
the corresponding sympathetic basal ganglia from see first thoracic to 
the third or fourth lumbar nerves. 

. (3) In the sacral region a separate white ramus ieee passes out 
as the n. erigens without passing into the basal sympathetic chain. 
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(4) In the cranial region the white visceral rami are represented by 


“the visceral fibres of the vagus, glossopharyngeal, chorda tympani &c. 


(5) . Such nerves as the chorda tympani the n. erigens and the 
leucenteric fibres of the splanchnics belong anatomically as well as 
physiologically and histologically to the same system ; for these fibres of 
the splanchnics run in reality free of the basal sympathetic _— in 
the same way as the n. erigens or the chorda tympani, 

_ Finally, the unity of this visceral system is shewn to my mind most 
conclusively by the close parallelism which exists between certain 


variations of structure in the central nervous system and the verstiens 


in the distribution of the visceral nerves. We see that 
(1) The appearance and disappearance of the columnz vesiculares of | 


Clarke corresponds closely to the appearance and disappearance of the 


white rami communicantes, 
(2) The variations in the size of the columne vesiculares are indicated _ 
by corresponding variations of the white rami. 
(3) After the cells of the columnz vesiculares have nearly dis- 
appeared in the lower lumbar region, a localized increase of them takes 


place ina special portion of the sacral region, known as Stilling’s sacral 


nucleus, and in correspondence with this we find in hin region the 
n. erigentes given off. 

(4) If the columne vesiculares were continued upwards to the 
medulla, they would coincide in position with the nucleus of the 
vagus and glossopharyngeal, and we not only find the same kind of 
nerve cells in these two nuclei, but as we have seen, these nerves are 
one of the main sources of visceral nerve fibres. The chorda tympani 
also has recently been traced into the glossopharyngeal nucleus. 


4, Mr Saertpan Lea made some remarks on the Urea Ferment, 
and stated that by precipitating with alcohol urine rich in Torula Ureae, 
he had been able to extract from the Torula itself a solution capable of 
rapidly setting up ammonia decomposition of Urea, and therefore appar- 
ently containing an unorganized ferment. The same urine, after the 
Torulae had been separated by filtration through a porous cell, contained 
no such ferment. 


5. Mr Watson CHEYNE gave a demonstration of the Bacillus alvei 
as the cause of foulbrood in wciouian 


6. Dr J. W. BARRETT ‘made a preliminary communication on the 
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Distribution of Blood-vessels in ‘the outer layers of the Retina, and 
shewed several illustrative preparations, Blood-vessels have. been fre- 
quently described as supplying all the inner layers of the Retina of 
most mammals, but so far as I can learn at present the penetration of 
the outer reticular layer has not been noticed. In fact the only account 
of such penetration that I have been able to find is one by Denis- 
senko, who has described and delineated blood-vessels which penetrate 
not only the outer reticular but also the outer nuclear layer of the 
Retinas of fishes, which are usually thought to be non-vascular. This 
observation is I believe at present: unsupported by other evidence.. 

The sections of Retina which are here described have been prepared 
from both eyes of a goat. 18 months old, which was killed by bleeding. 
The eyes were removed from the animal's body as soon as it died, and 
were hardened in Muller's fluid and alcohol. | 

When hardened the retinas were imbedded in celloidin and sections 
cut with the freezing microtome. 

- The vessels have been examined by variously staining their alls 

‘il the corpuscles in them with eosine, picric acid, safranin and fuchsin 
(Weigert), some nuclear stain, such as carmine or logwood, being also 
used. 
The corpuscles in the capillaries are numerous considering the mode 
of death of the animal, but from their exceeding minuteness are at times 
difficult to detect. 
_ The layers of the Retina internal in the outer nucleie layer are 
vascular; numerous capillaries. pass outward from the arterioles which 
are situated chiefly in the nerve fibre layer, and traverse and supply 
the inner reticular and inner nuclear layers, then penetrate the outer 
reticular layer, and when fairly in its substance loop back again to the 
inner reticular by traversing the inner nuclear layer. 

In some cases these loops are in contact with the inner margin of the 
outer nuclear layer. 


These looped capillaries are best seen in slightly oblique and mode- 


rately thick sections. Of the specimens exhibited : 

No. 1. Shews a capillary vessel containing corpuscles which is pass- 
ing through the inner reticular and nuclear layers and then comes out- 
ward into the outer reticular layer at the margin of the section. 

Stained with borax carmine and fuchsin S (Weigert). 

No. 2. Shews a capillary containing corpuscles lying in the outer 
reticular layer with its axis at right angles to the direction of the Mul- 
lerian fibres. 
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Stained with borax carmine and picric acid. 

No. 3. Shews a very large capillary looping for a considerable 
distance in the outer reticular layer and touching the outer nuclear 
layer, 
Stained with borax carmine and picric acid. 

- No. 4 Shews capillaries passing outward from the ganglion cell 
layer to the inner nuclear layer, which they penetrate. | 

Stained with borax carmine and picric acid. 

No. 5. Shews a capillary containing corpuscles passing from the 
inner reticular layer through the 1 inner nuclear into the outer reticular 
layer. 

Stained with borax carmine and fuchsin S. 

No. 6. Shews a large capillary containing corpuscles passing from — 
the ganglion cell layer out through the inner reticular and inner nuclear 
layers well into the substance of the outer reticular layer. 

Stained with borax carmine and fuchsin 8. ) 

I believe that this is the first instance in which blood-vessels have 
been seen in the outer reticular Jayer of the Retina of any mammal, and 
in the most recent text-books the existence of such vessels is definitely 
denied. 

I am engaged in investigating the retinas of other mammals whose 
corpuscles are remarkable for their small size, as the thought has struck 
me that the minute size of the capillaries of the goat may explain the 
admission of these vessels into this delicate structure. Up to the present 
I have not succeeded in finding them in any other animal. __ 


7. Dr J. W. Barrett also demonstrated the method employed by 
him in measuring the rate of accommodation. This he found to vary 
with age, practice and character of eye of the individual. The time 
required to accommodate from far to near agreed pretty well with that 
given by Vierordt and Aeby, but that from near to far did not, for it 
was found too quick to be measured, while the observers named found it 
but little shorter than from far to near. The details of the communica- 
tion will be published in the Journal of Physiology. 
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PHYSIOLOGICAL SOCIETY, 
1885. 


No. Il. March 21. 


1. Messrs Bayiiss and BrapFoRD communicated some of the 
results of an investigation now in progress “On the Electrical changes 
accompanying Secretion.” 

_ The submaxillary gland of the dog and the cutaneous glands of 
Amphibia are the structures to which their attention has been mainly 
directed. 

Secretion currents were first demonstrated by Roeber (under 
Rosenthal’s direction) in the skin of the frog; on stimulation of the 
cutaneous nerves the current of rest suffered a negative variation, the 
outer surface of the skin becoming less negative. Engelmann obtained 
the same result. Hermann however working with the skin of the 
back obtained a positive variation, and in oe legs a positive variation 
with a “negativer Vorschlag.” 

Positive variations have been also duiua by Hermann and 
Luchsinger in the tongue of the frog, the sweat glands and tongue of 
the cat and dog, These observers failed however to obtain an exci- 
tatory electrical change in the submaxillary gland of the dog. | 

After having been at work’ on the skin glands of the frog for some 
time the authors thought it advisable to repeat Hermann and 
Luchsinger’s experiment, and have been able to prove the existence of 
electrical changes in the submaxillary gland of the dog, as well as in 
that of the cat ; they have hitherto obtained the most constant results 
in the dog, and ot these they will now speak. 
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The chorda tympani was prepared in the usual way, a cannula tied 
in Wharton’s duct, the vago-sympathetic in the neck ligatured and 
the central end arranged for stimulation. The submaxillary gland was 
led off by non-polarisable electrodes from a point near the hilus and 
from the cutaneous aspect; the current of rest being compensated, the 


chorda and sympathetic were respectively stimulated, and the effects 


observed on a Thomson galvanometer. 

The current of rest is almost invariably in such a direction as to 
show that the hilus of the gland is positive to the cutaneous surface, but 
owing to the unavoidable injury of muscles and other structures near or 
between the electrodes this cannot be regarded as of much importance. 

The excitatory change on stimulating the chorda is of the 
nature of a positive variation of the current of rest, the hilus of the 
gland becoming more positive ; this positive variation is always present, 
but it is frequently followed by a second phase of opposite sign, a 
negative variation, generally much less than the phase preceding it, 


and occasionally itself followed by a return of the positive phase, which 


however rarely disappears entirely but leaves behind a permanent 
increase of the current of rest. The latent period is very short, about 
0°37” as shown by photographs with the capillary electrometer; the 
deflection quickly reaches a maximum and begins to diminish before 
the cessation of the excitation, usually reaching zero about one minute 
after stimulation has ceased. 

Atropin in doses of 3—5 milligrams totally abolishes the 
chorda variation. Sometimes in the first stages of its action a 
small negative variation has been seen on stimulation of the chorda, 
but this also ultimately disappears. 

The most striking fact about the excitatory change on stimulation 
of the sympathetic is that it is of opposite sign to that of the chorda; 
the hilus of the gland becomes less positive in this case (a negative 
variation). It takes a much more powerful stimulation to produce it 
than does the chorda variation; it is much less in amount than that, 
and its latent. period is considerably longer, about 2”—4; it reaches its 
maximum slowly, and disappears about two to three minutes after 
cessation of stimulation. 

Atropin even in doses of 60 milligrams does not abolish the 
sympathetic variation, although considerably lessening it. 

. As to the cause of the opposition of the chorda and sympathetic the 
authors are not at present prepared to make any statement; more 


_ experiments have to be performed, both from the point of view of 
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Sad Heidenhain’s hypothesis of secretory and trophic nerve fibres, and 
me - from that of the opposition of the vasomotor effects on the two cases; one 
= thing is certain that the chorda variation is quite independent of 
ad | vascular changes, being entirely abolished by atropin. 
~ The experiments of the authors on the frog’s skin in the main 
be confirm those of previous investigators, but one or two new facts have 
appeared. 
wan _ The complete variation, resulting from excitation of the nerves, is a 
koe triphasic one, consisting of a “negativer Vorschlag,” a main positive 
my phase, and a moderately large negative after effect which disappears 
the slowly and seems to be present only in the last two or three months of 
ie the year. During January and February the skin of tlre legs of the 
ive frog gives almost invariably a powerful negative variation, which was 
| . apparently the only one seen by Engelmann and accounts for the 
it, discrepancy between his results and those of Hermann, who states that 
— he met with a pure negative variation extremely seldom. Bach and 
ant Oehler, pupils of Hermann, appear to have obtained a negative vari- 
mat ation more frequently, and converted it either into a pure positive or a 
the positive with a negative “ Vorschlag” by the action of heat (40°C.). 
in The authors confirm this result of Bach and Oehler and have © 
“a 4 found that many other agents will do the same thing, saturated 
} solution of corrosive sublimate applied to the skin for 7’—8" being the 
he most powerful; zinc chloride and dilute sulphuric acid (1°/,) have the 
fig same effect but less marked; with the last reagent any proportion of the 
da, negative variation can be abolished and a positive caused to follow it. 
It has not yet been found possible to conyert the positive phase back 
ion again, or to convert an originally positive variation into a negative one ; 
ja; . alkalies, ice, and the constant current have been tried. 


When the coils of the induction apparatus are gradually approached 


on the negative phase is the first to appear in the cases where the prepa- 
— ration is one which under strong stimulation gives a diphasic variation. 
ste Both phases are very refractory towards atropin, the negative one 
— apparently more so than the positive. 
Since the frog’s skin contains two kinds of glands (Engelmann), 

ined mucous with alkaline secretion, and granular with acid secretion, the 

authors incline towards Hermann’s original theory, viz. that the 
ma positive phase depends upon the alkaline mucous glands, and the 
ee negative upon the granular glands; many facts support this view but 


of their discussion must be reserved for a fuller account. This hypothesis 
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explains the action of acids, etc. by assuming the acid secreting glands 
more sensitive to these agents than the alkaline glands, and explains the 
different kinds of variation by the different excitability of the two ean 
of glands, 

The muscular coat of the glands apparently has no direct share in 


the electrical excitatory change. 


The skin of the toad and newt give similar results to that of the 
frog, although the time course of the variation is much longer in the 
Toad, and the Newt's skin is not so easily affected by corrosive sublimate. 

The skin of the frog is now (March) giving Hermann’s normal 
variation, viz. positive with negative “Vorschlag,” and it is evident that 
the character of the variation is intimately connected with the breeding 
season, 


2. Dr McWILLIAM made a preliminary communication regarding 
“Cardiac Inhibition in the Newt”—of which the following is an abstract. 

In the newt the effects of stimulation of the right vagus nerve are 
not identical with those produced by stimulation of the left vagus, and 
both are markedly different from the _— obtained by stimulation of 
the frog’s vagus, 

When the right vagus nerve of the newt is Siecle stimulated its 
effects are chiefly manifested by a diminution in the force of the ven- 
tricular contractions or a complete standstill of the ventricle and bulbus 
arteriosus, while the action of the sinus and auricles continues uninter- 
rupted. Stronger stimulation of the right vagus causes an arrest not 
only of the ventricle and bulbus but also of the sinus and auricles—the 
whole heart being rendered quiescent. 

Stimulation of the left vagus nerve causes an arrest of the whole 
heart; it does not stop the action of the ventricle and bulbus while 


| Allowing the sinus and auricles to go on beating—in the way that the 
right vagus (when slightly stimulated) can do. 


Either vagus can arrest the whole heart, but the right vagus acts 


-much more readily and powerfully upon the ventricle ‘than the left 


vagus does, The arrest of the bulbus seems usually to depend on the 
fact that the ventricular standstill interrupts the propagation of the 
contraction from the auricles to the bulbus, The ventricular standstill 
itself is not simply due to a “blocking” of the contraction which prevents 
its reaching the ventricular muscle. For the ventricular muscle is 
directly affected ; it is found during inhibition to be quite omen to 
direct stimiulation—its is temporarily annulled. 
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_. During inhibition the state of the cardiac muscle as tested by the 
application of direct stimuli (e.g. single induction shocks) is strikingly 
different from that seen in the frog’s heart. For, in the newt, the sinus, 
auricles, and ventricle are all inexcitable to direct stimulation during 
strong inhibition. All these parts of the newt’s heart seem to be thrown 
into a state similar to that seen in the auricle of the eel’s heart during 


inhibition. 


When the period of inhibition is over, the renewal of cardiac action — 
is not initiated by a regular beat of the whole organ as occurs in the 
frog and most other animals. The contraction does not begin at the 
part of the sinus where it originates during normal action (i.e. near the 
termination of the vena cava inferior) but at quite another part. It 
usually begins in the portion of the sinus which lies between the termi- 
nations of the right and left superior venae cavae ; this part corresponds 
in position to the interjugular part of the eel’s sinus. The contraction 
is usually restricted for several beats to the part mentioned, the 
remainder of the heart meanwhile remaining perfectly quiescent. The 


- contraction then spreads over the rest of the sinus; it soon spreads over 


the auricles ; and later still—after inhibition from Fight vagus stimulation 
—it begins to pass over the ventricle and bulbus. 

In some instances there is a recommendation of rhythmic contraction 
in the bulbus arteriosus even before the sinus has recommenced pul- 


sating. 
4 Faradisation of the various parts of the heart gives results that are 


in marked contrast to those obtained in the frog’s heart. For the 


passage of even a weak interrupted current through any part of the 
newt’s heart causes a standstill of that part while the other parts of the 
heart may go on beating. For example the passage of a weak inter- 
rupted current through the ventricle causes that part to stand still in a 
state of diastole while the sinus and auricles go on beating. 

The parts inhibited in the manner referred to are rendered inexcitable 
to direct stimulation; they seem to be thrown into a state similar to that 
brought about by stimulation of the vagus nerve. 


8. Messrs J. W. Tunstat, and H.-E. Canney described the 
principal results obtained by them in a series of experiments made by 
an application of the transmission myograph to the registration of 
voluntary contractions in man. In the apparatus employed the fibres 
of a muscle—the opponens pollicis being the one which was principally 
used—were made to press, in contracting, against’ the button of a 
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cardiograph, and the movements were recorded by a tambour with a 
very long and light straw lever, time being simultaneously marked upon 
the recording paper by an electro-magnet connected with a pendulum 
beating seconds. It was found that the curve of a voluntary contrac- 
tion, recorded by this method, invariably, both on its rise and during 
its maintenance, shows a regular series of minute waves, the average 
number per second, as deduced from a very large number of observations 
upon more than 20 adult individuals, being 9°795. The rate varies 
somewhat in different individuals, and also in the same individual at 
different times, the extreme variations being 8 per second as the mini- 
mum and 11 per second as the maximum. Occasionally 12 or 13 waves 
may be counted in a second, but this rapid rate is exceptional. On the 
other hand there are some seconds in which only 6 waves can be 
counted, but some of these are always larger than the rest, and it is 
probable that they represent a summation of two smaller waves, From 
these experiments it may therefore be affirmed that the wave rate of a 
so-called voluntary tetanus in man is from 8 to 11 per second. 


Communications were also made by Mr E. B, Poutton, and Mr J, 
M°CARTHY, 
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1, Prof. Joun B. Haycrarr made the following communication : 
4: Experiments with the sense of Touch.” 

It is generally supposed that although the eye is cas capable of 
perceiving separately some 15 or 20 stimuli in a second, yet a far 
greater number may be applied to the ear or the skin, and be heard 
and felt, each one by itself. Helmholtz has been generally misquoted, 
and the statement, that 132 “beats” a second can be separately heard, 
continually appears in the text-books. Still more absurd we find that 
1400 impacts of a toothed wheel may separately be felt. In point of 
fact we find in every case that 20 or 30 impacts are fused together. 
When from 30 to 1400 impacts fall upon the finger-tip we are conscious 
of a feeling of “roughness.” We know by the aid of sight that this 
sensation is due to rapid tactile stimulation, but by nothing in the 


_ sensation itself, Rapid beats produce in like manner a rough sound, 


the cause of dissonance in music. The objective causation was only 
found out experimentally by Helmholtz. In both cases the “rough ” 
sensation varies in quality, becoming of a finer roughness with more 
rapid stimulation. It must be insisted upon that this cause of the 
sensation cannot be analysed any more than with a sensation of redness _ 
except by experiment, and the use of the other senses. _ Thus, the 
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sensation produced by 132 beats per second is recognised as being 
caused by rapid beats only because the experimenter has traced the 
continuity of his feelings from a point where the intermittent character 
of the cause was evident. The sensations produced by 1400 impacts of 
a toothed wheel is but a finer quality of the roughness produced by 30. 
We can no more be said to distinguish 1400 impacts upon the finger 
tip than to distinguish 256 vibrations when the middle C is sounded 
upon the piano, although we may know experimentally that exactly the 
number of vibrations stimulate the ear. This sense of “roughness ” is of 
much interest and has received no attention from Physiologists. Let us 
compare it with other sensations. In sight we have a compass of 
less than one octave, in hearing about eleven. Counting 30 as the 
lower and 1400 as the higher number we have about five octaves 
of roughness, The utility of this compass will however depend on the 
smallness of difference in quality which it is possible to distinguish. 
Very practised musicians are said to distinguish 7,th of a tone; most 
persons far less, An instrument constructed by the author in order to 
investigate this point was shewn to the Society. It consists of steel 
bands of equal length fixed on a board. These radiate from a centre, 
and are bounded by two concentric arcs. The bands therefore gradually 


diminish in proximity from the inner arc outwards. On drawing two 


fingers at the same time, and at the same rate, across the instrument 
they will be stimulated with a rapidity which will vary with their 
relative positions, It is easy to calculate upon this instrument positions 
in which the fingers will be stimulated with the difference of any 
ordinary musical interval. It is found that any ordinary person can 
distinguish an interval corresponding to musical semitone with attention, 
and in the case of blind persons’ finer differences could no doubt be 


made out. The importance of this sense in every day life need not be 


insisted upon. We distinguish by means of it the texture and material 
of objects and put it to a hundred other uses, These experiments taken 
with the recent investigations of Professor Ramsay on the sense 
of smell, others by the author not yet complete enough for publication 
on the sense of taste, together with what we know already about sight, 
hearing and temperature, will enable the Psychologist to state the 
following general law. 

“The objective cause of a sensation is in all cases a vibration, or 


1 As with hearing small differences are not perceived equally well in all parts of the 
scale. In the higher regions of pitch it may be impossible to distinguish even a whole 
tone, An interval of {rd of ‘‘roughness” may be distinguished even at the extreme limit. 
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“ periodic impact. These vibrations differing in frequency produce all 
“those qualities of sensation of which the organism is capable.” 
A full account of this subject will appear in “ Brain.” 


2. Prof. C. S. Roy made, on behalf of himself and Dr GraHAM 


Brown, the following preliminary communication, ‘On Bronchial Con- 
traction.” 

Up to the present time, little has been learned regarding the function 
of the muscular walls of the bronchi, beyond the fact that they apparently 
contract on electric stimulation of the vagus nerves. The importance of 
this subject in its relation to the Pathology of Asthma and other diseases 
of the respiratory system has induced us to investigate the matter with 
some care, and although our inquiry is only half finished we have 
already obtained results which may be of interest to members of the 


_ Physiological Society. Previous investigations have been made for the 


most part by cutting into the lung and observing directly the changes in 
calibre of the bronchi during vagus stimulation. ‘This method is, 
however, so unsatisfactory that we could not hope to advance by its 


help much beyond what was already known. We preferred to employ — 
a method which left the lung intact, opening the thorax of the curarized — 


and chloroformed animal (chiefly dogs) so as to eliminate any changes of 


the intrathoracic pressure, artificial respiration being carried on during 


the experiment. Changes in the calibre of a single bronchus of the 
second or third order of size were recorded on a blackened revolving 
cylinder by a very simple method. 

This consisted in introducing into the air passages a narrow, appro- 
priately curved, glass tube (internal diameter of 1 mm.) by an opening in 
the trachea and passing its one end down until, by the finger in the open- 
ing of the thorax, it was found to have reached a point about the middle 
of the lower lobe of one lung (usually in our experiments the right 
lung). The bronchial end of this tube was covered with a bag of animal 
membrane, which we made by taking a short piece of the small intestine 
of a rabbit and rubbing off the mucous membrane. This being closed 
by ligature at one end and the other end being tied round our glass 
tube about 4 an inch from its extremity forms an oblong bladder, the 
only opening into which is by the open end of the glass tube. The 
outer end of the glass tube is connected with the recording arrangement, 
which one of us (R) has described elsewhere’ as an oncograph. To describe 


1 Journal of Physiology, Vol. 11. No. 3, and Virchow’s Archiv, Band 92, 1883. 
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this instrument here would be out of place, and we need only say that it 
— records even minute changes of the contents of any chamber with which 
it is eénnected without causing any change in the pressure in such 4 
chamber. In our present experiments it was connected with the 
bladder lying in a bronchus, the whole apparatus being filled with air, 
_ instead of oil or water, to reduce the friction through the long narrow 
glass tube. This method is more than sufficiently delicate for such 
work as ours, but it has certain sources of possible error which we have 
sought to control in various ways. It prevents the entrance of air into 
the lung tissue lying beyond the bronchus where the bladder lies. This 
one can scarcely think would influence the bronchi, the blood supply of 
which being distinct from the pulmonary vessels would not thereby be 
affected. As’ for the interference with the aeration of the blood so 
produced, that we may safely ignore, since we know that arrest of the 
circulation through one lobe of a lung is readily compensated by the 


increased aeration of the blood in- other parts of the lungs. The chief 


objection to the method consists in the fact that unless the pressure in 
the bladder be higher than the maximum pressure of the air forced in 
by the artificial respiration apparatus the oncograph records the artificial 
respirations; while, to have the pressure in the bladder high, would lead 
to local distension of the bronchus, which we wished to avoid. This 
difficulty does not. affect the position of the recording lever during 
expiration, when the air pressure in the trachea and bronchi is far below 


the pressure in the bladder, so that it only makes the curves somewhat: 


more complicated. Moreover, it can always be eliminated by stopping 
the respiration for a moment while trying the effect of nerve stimulation 
or of any drugs. 

We have been able recently to improve the method so as to remove 
the last mentioned source of possible error, but we only give here such 
facts as we have good reason to believe to be trustworthy, leaving others, 
regarding which we still have some doubt, to be controlled in future. 
~ 1. In the curarized dog stimulation of one uncut vagus with an 
induced current causes contraction of the bronchi of both lungs, the 
contraction being usually powerful, but to this there are exceptions (vide 
below). 

2. Section of one vagus seals causes a marked expansion of the 
bronchi of the corresponding lung, which may be preceded by a slight 
temporary contraction, apparently due to the stimulus of the section. 

3. Stimulation of the peripheral end of one cut vagus always causes 
a much more powerful contraction of the bronchi of both lungs, than 
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when the uncut nerve is stimulated with the same —— of induced 


current. 

4, Stimulation of the central end of one vagus, the other being 
intact, usually causes contraction but never so powerfully as when the 
peripheral end of the cut nerve is stimulated. 

5. Frequently, and especially in non-curarised animals seedlibiena 


with ether, stimulation of the central end of one cut vagus, the other © 
being intact, causes a powerful expansion of the bronchi. 


6. In these animals stimulation of one uncut nerve, the other being 
cut, causes often a marked expansion of the bronchi. ' 

In these cases also stimulation of the peripheral end of the cut vagus 
causes a primary contraction, followed in one or two minutes and during 
the stimulation by an expansion which may dilate the bronchus beyond 
the calibre it shewed before the stimulation was commenced. 

7. The extent of the changes in calibre so produced vary greatly. 


On stimulation of the peripheral end of the cut nerve the bronchi often 


appear to close almost completely, and contractions equal to 4 or } of 


_ the previous diameter are frequently met with. 


8. The expansions met with under certain conditions are as marked 
in extent as the contractions. 

9. The above facts indicate that the vagi contain centripetal fibres 
which can cause both contraction’ and expansion. In some cases the 
latter effect predominates. 

10. The marked difference in the effect of dinelasion of the uncut 
nerve and the peripheral end of the cut nerve may be explained by the 
inhibiting action of the centripetal fibres on the upper centre or centres. 

11. The fact that both contraction and expansion of the bronchi 
may be obtained by reflex from the cerebro-spinal system might 


be due to the presence there of one centre from which a tonus is 


constantly passing to the bronchial muscles, and the action of which 
centre may be inhibited by centripetal stimuli; but we have not been 
able to convince ourselves that the readiness with which expansion 
is produced by central stimulation goes hand in hand with the amount 
of tonus indicated by the degree of expansion on cutting both vagi. 
Moreover, the double effect mentioned in paragraph 6 can scarcely 


be explained otherwise than by the presence in the vagus of both con-. 
_ stricting and inhibiting fibres. This would of itself imply that there are 


two centres in the cerebrospinal tissue which can influence the bronchi 


_reflexly or by direct stimulation of these centres. 


12, The facts noted in paragraph No. 6 indicate that the vagi con- 
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tain both contracting and expanding fibres for the bronchi, the expand- 
ing being stimulated more slowly than the contracting, so that primary 
contraction is followed by secondary expansion, a difference in excita- 


bility comparable with that found in the inhibitory and semana 


~ nerves of the heart. 
13. Whether this would indicate that there are one or even two 


local centres in the lungs, or whether it can be explained by assuming — 


that both contracting and inhibiting fibres terminate directly in the 
- muscle fibres, we have not yet been able to decide, It is well known 
however that surrounding the bronchi are many ganglionic masses, 


14. Asphyxia produced by stopping the respirations usually causes” 


contraction of the bronchi, but in etherized dogs we have frequently 
found it to cause expansion, neither effect corresponding in time with 
the changes in the arterial blood-pressure. After section of both vagi 
no effect on the calibre of the bronchi is produced by asphyxia. 

15, Stimulation of the central end of a sensory nerve other than 
the vagus has very rarely, and then only slight, effect on the calibre of 
the bronchi. 

16. Stimulation of tracheal mucous membrane, 
intestine, nostrils, &c., by induced current, has not as yet been found by 
us to influence the calibre of the bronchi. 

It may be added that after section of both vagi stimulation of their 
central ends in the neck has no effect on the bronchi, shewing that in 
the dog the only connection between the cerebrospinal centres and the 
bronchi is by the vagi. 

17. As to why the bronchi have been provided with so powerful 
and highly developed nervous and muscular mechanism we have not 
been able to come to any very definite conclusion, but hope by an in- 
vestigation of the effect on it of expectorant drugs to find if it be for 
the purpose of expelling mucus or not. 

18, This Society is not the place to talk on the Pathology of 
Asthma, but we may mention that the existence of this powerful econ- 
tracting mechanism, and equally powerful expanding mechanism, enables 
us to understand how Asthma might be produced. 

19. In conclusion, we may refer to a few of the drugs employed in 
Asthma, the action of which we have investigated. With ether there 
is no paralysis of the contracting fibres, but under its influence we 
have expansion produced apparently by stimulation of the inhibitory 
or expanding fibres. Whether it affects the cerebrospinal centres or the 
terminations of the nerves in the bronchi we have not yet been able to 
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decide. Atropine, on the other hand, causes a complete paralysis of the 
constricting fibres or of their terminal apparatus in the bronchi, so that 
after a very small dose stimulation of the peripheral end of the cut 
vagus, which has previously caused strong contraction, no longer has 
any effect. Nicotine in small doses has a powerful effect in expanding 
the bronchi, but its mode of action, as well as that of other drugs which 
affect the calibre of the bronchi, must be left to be mentioned elsewhere. 
The same is the case with the question as to whether the bronchial con- 
tractions are vermicular or are ever rhythmic, as we have some reason 


to believe they occasionally are, 


3. Mr A. SHERIDAN LeEA gave a preliminary account of some 
results which he had obtained on the complete digestion of starch. 


4. Mr J. R. GREEN gave an account of certain proteid matters 
found in the latex of plants. 


5. Prof. GERALD F. YEO asked some of the members to listen with 
a flexible binaural stethoscope to the sound produced by the contraction 
of the ventricles of a dog’s heart after removal from the recently killed 


animal. The auricles with their valves were rapidly cut away and the | 


tip of the thumb moistened with blood was placed in the cavity of the 
left ventricle. Drs RINGER, PyE-SmITH, GASKELL and others considered 
the tone the same as that heard with the entire heart of a mammal after 


removal from the body, ie. like a weak first heart-sound. Prof. Roy © 


could not distinguish any sound that might not be attributed to the 
method of examination.—A note will appear in the Journal of Physio- 


logy, Vol. vt. No. 4. 
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